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I. INTRODUCTION AND SUMMARY_

Introduction

A general limitation in the system' analysis of"jét flap or related
propulsive systems suitable for VTOL or STOL applications arises from
the paucity of analytical models which can rationally represent the com-
 plex flow problems observed in real machines. The jet flap theory
develo_ped.by Sfence* has been genera;l'ly useful in the‘se considerations_

- even though it repfcese’nts a lirn_itihg idealization of the flow phénoﬁlena.
The work of Shollerll’burger** on a propulsive biplane broﬁght forth the
poss'ibi‘lity.o.f relaxiiﬁg oiié of the idealizlatixons: of Sp.encé's theory by in-

_ cérporating-a finlite. ﬂu-.i-d flow into thg _propulsive.system. |

| It was felt to be desirable to extend the concept of Shollenburger’s‘
waork to.a configur.atio.n more nearly resembling actual propuléiVé-liftih'g
wings in order to investigate more realistically the usefulﬁe'sls_ of the
analytical concept. ‘Accordingly, the present work, supported by a grant
frofn the NASA Ames Laboratory, was undertaken. | & .

The. éonfig_uration chosen was a two dimensional wing with a bi-

piane flap, having a jet injected on the uppei' surface of the wing at the
flap .hinge axis and discharging into the channel between the two elements
of the flap. The work was carried out in two parts, the first analytical -
and the second exPerimenrtal. |

| The analytical work, carried out by Laurent Sidor as a the'.-lsis'

project, is a potential flow solution in which the wing géometry (with

thickness effects neglected) is represented by bound vortex sheets. The

/

t See Ref. 6.of Part II
#% See Ref. 8 of Part II
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propulsive éffe_cts are, in effect, represented by an actudtor disc span-
- ning the gap bétween the trailing edges and introducing a uﬁifofrn total head
jump into all the fluid flowing thr'ough this region, ‘The total head jump
then réquires that, in the wake, the propulsiv'-le fluid be separated from -
the outer fluid by'free vortex shee'ts. The solutions obtained,_‘with one
'mindr and unlimp,orta.nt excep’ltion (éee Appendix B), represent %the full II‘J..On—
linear solution of the potential flow boundary value problem. ‘ 'i‘his woi-k
is. brésentecﬁ in the next sec‘tion of'th.isr repoz;t;'

The explerimgntal work wés carri‘ed out in a Special.two—diﬁensiOnal
teét installatidﬁ 1n the GALCIT lO«fc;ot subsonic wind'tunﬁel. The moael
description, the test conditions and the éummary of the experimental
results are presented in the third part of thi.s report.

Summary

| B The ._analyticai Woﬂi, Part II of this reporf;, is self-contained and.
requires‘ no furth'er‘corn‘men‘t at this point except to note (see Fig. 11) the
excellent correlation between the cémputed lift due to pro_pulsionlat zl'ero
angle of attack and the lift variation predicted by the H equivalent sink'
concept. In noting this correlation it must be remembered that the
acttiator &isc formaliy corrésponds to a singularity system having zero
fnass injection but a finite momentum injection as measured by the jump
in total head. |

The report of the experimental tests (Part III) is also complete
in itself. There remains, then, the analysis of the expérimental data in
the light of the theoretical analysis to illqstrate the usefuiness of the
theoretical concepts. For this purpose it i.s convenient to restate the
~analysis in a form more directly related to .the expérimeﬁtally, obtaineci

2
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data.
For any two-dimensional wing in the presence of a sink of strength
Q, the lift increment at eny given angle of attack (for example, a = 0°) is

.prt)portional to Q and is given by (see Eq. 55, Part II)

AC

t =

where k is a geometrically determined constant. In the analyms the

"equivalent smk" strength due to the jet was taken to be

h 1/2
T :z"‘“”(?n’ -1
oo

This formula assume's- the/ Jiet w.idu.th to be essentially the same far from
the wing and at the trailing edge; The Kutte c0ndiltioln mekes this formula
asymptotically correct for_la,.rg'e \'}a hies of CH and the eompﬁted variation
(with_ finite va lues of CH} was at most‘,oniy a feW'percent. The theoreti;:al
calculation for this configuration shows best correletion for k = %E = 0,1625,
"The ‘experir'ne_ntal méasur’emente ofitotel head at the trailing edge
‘station show that relatively poor mi;cing was achieved by the simple slot
injection and CH varies strongly across f;he channel, however a proper '
- measure of the: ”equivalenf sink" can be obtained by integration across
the wake. In addltmn it is necessary to make a correction for the volume
of fluid injected (a negative sink) through the slot For the test series
. this volume flux'was held constant at 21, 45 cu. ft. /sec:. A reke survey
over the 3 ft span of the slot shows reasonably uniform condltlons except
that a 30% def1c1t in ﬂux Occurred for a dlstance of 2.5 in. at each end of
" the model. The effective span is thus 2 ?/8 ft. for determining the two-

dimensional source (negative sink) strength. The magnitude of this J
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correction at the various test dynamic pressures is as follows:

(Ibs /%) 2,25 3 5 10

Q'/éUOD : -0. 083 -0.0072 -0.056  -0.040

The theoretical analysis was carried out for % = 0, 15; thqs_the procedure
for calculating an equivélent uniforlm total head incremgnt.CI’fI for relating
"~ the experimentai resulté with the analytical theory is

0. 15{\!1—+“?:T 1} = | {m"- 1}d (2) +1(Q' /U

wake -
v;fhere_z is the distance élong the toté.l head rake survey station.

The test data shows in addition to the low level of mixing, indi-
cations of flow separatlon and ﬁ standlng, trapped, vortex below the main
wing at the hmge station. Accordingly the data analysis was limited to
consideration of the lift increments produced by blowing. Tlable

I shows the observed results. Because the effective total head in--
crement obtained (C-: ) was fairly low, it can be expected (see Fig. 16
of Part II) that the lift increment will be proportional to C—- ; the ratio |
[_\.CL/CI'fI is computed for comparison w1th the analytical result from
Fig. 16, "ACL/CH = 0. 4. |

The'expefimentally dbtained values Of. ACL/C?I show a wide
variation.;‘ however ’che average value L\CL/C’IfI = 0. 41 is essentially -
identical to the analytical result. It is also apparent from this é.nalysis
that for a glven momentum input to the propulswe duct, the resulting

magn1tude of C¥%, and thus the lift due to blowmg, is strongly and ad-

versely affected by non- unlforrnlttes in the mixing, o S/



h_ =1, 80"

a = 0°
a=b°

h =2,25"
s

a = 0°
a=6"°

LIFT INCREMENT DUE TO BLOWING

TABLE I

Runs a AC; Cf ACp/cy
ij'o i = . # 0 Cj':o' |
45 40 2.25  1.530 1.078 0.452 2,240 0.20
46 41 3 .513 1.040  .473  1.434 0.33
47 42 5 . 458 ~,1;009 .449.  0.940 0. 48
48 43 10 . 393 0.997 .396 -0.585 0,68
45 .40 - 2,25 1,918 1.328 0.590 1,732 0.34
46 41 3 . 874 1.311  .563 11566 0. 36
47 42 5 . 845 1.307 .53  1.053 0.51
48 43 10 . 783 1.259 .524 . 0.598 0,88

2 9  2.25 1,650 1.163 0.487 1.890 0.26
3 10 3 . 610 1.185 .425  1.690 0.25
4 11 5 . 541 1.082  .459  1.250 0.37
5 12 10 1.462 1.048 .414  0.790 0.52
2 9  2.25 1.998 1.406 0.592 1,890 0,31
3 10 3 . 957 1.434  .523 1.538 0.34
4 11 5 . 885 1.331  .554 1.152 5445
5 12 10 811 1.297  .514  0.737 0.70



TABLE I {(con't)

i

LIFT INCREMENT DUE TO BLOWING :

Runs q CL - AC  CE Ac /ey
C,#0 C.=0 - C.#0 C,=0
| j ] j it ,

a=6 32 36 2.25 2.035 1.491 .0.544 2.686 0. 20
33 37 3 1.980  1.412  .568 1.179 0. 48
34 . 38 5  1.925 1.348 .577 1.412 0. 41
35 39 10 1.850  1.297 .553 0,469 0. 64

h = 2. 70

a=0° - 32 36 2.25 1.671 1.232 0.439 2,637  0.17
33 37 3 1.660 1.155 .505 2,240  0.23
34 38 5 1.582  1.101 .481 1.332 0,36

35 39 10 1.505 1.0563 .452 0.924 0. 49
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ABSTRACT
The inviscid and incompressible potential flow aspects asso-
' ciated with a two-dimensional ejector-powered jet-ﬂalﬁ configuration
are investigated. The energy addition due to the rn_ixin'g process in
the ejector results in a non-immogeneous flow and is represented by
an actué.tor disk located between the lifting'éuffaces and a powered
wake. A set of smgula,r1t1es is developed to represent the lifting
.surfa.ces, to mclude camber and flap deflectmn -and the powered
wake. A numerical pr0cedure is used to compute the total systefn
#orticity needed to satisfy exactly all the prescribed boﬁndafy con-
ditions. The lift and moment coefficientsi are evaluated as a function
of the head change preséribéd across the actuatof disk, A simple
interpretatic;n of the re-sulting lift curves is proposed in terms of
analytical results obtained for single-airfoil configurations - a ﬂaf-
plate airfoil and sink system, and a conventiénal singlé element jet
flap., The sink effect of the actuator accounts for a finite lift at zero
angle of attack and the lift 1ncrement due to angle of attack only

can be predlcted by using Spence's theory of the jet flap.

/0
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I. INTRCDUCTION

1. General Background

The past few years have seen :;1 widened interest in the area
of V/S'I-‘OL flight, spurred by potentially attractive civilian and |
military applications. These api:licé.tions establj.sh as a foremost
requirement for the lifting systém a high wing loading, necessary for
range and good ride guality. |
o Toward the éatisfactibn of this rlequ:i.'rerhen.t, néw aerodyna.micl
coﬁfigurations have been developed to exploit dii‘gctly therp_ow.er
available from the propulsion system for the generati'oﬁ of lift by
blowing on the lifting surfaces. Various schemes ha»\-re beenli.nvesti-
gated, and are shown in Fig. 1. They are:

| The externally blown flap (a géod review of é:onﬁgu_rétions of
_this type ié in Ref. 29) and over the wing blowing (Ref. 28) configura«
tions use the jet engine exhaust ciirectly over the upper side of the’
flap or wing surf‘a_ce. 4’I‘hése configurations are characterized by the
Simplicity of the mechanical devices used to direct the exhaust air-
flow.

Other configurations use aﬁ extensive internal ducting sys-
tem, driven by the high pressure stage of the engine compressor, to
distribute the blowing over a major spanwise portion of the wing,

The conventional jet-flap (Refs 30-31) and augmentor-type wings
c-)peratre on this principle. -

| In a conventional jet-flap, the jet sheet created by the blowing
action mixes with the surrounding air producing a .secondary effect

on the lift by fact rather than design; it will be discugsed later in this

4
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section. On the other hand the name "augmentor ngs" is reserved
for conftguratlons intended to exploit this mixing effect to "augment!
the primary airstream with the entrained secondary in installations
known as "ejectors." The. specific purpoée for which the ejector
is designed .eeparates augmentor wings into two categories. |

(a) The ejector can develop extra thrust‘ on its inlet lip and
sidewalls, thus supplementmg the direct thrust generated by the

prlmary for a vertical llft system,

A fa.mlly of ejectors demgned toward this end las been
under development at the AerosPace Research Laboratories, Wright
Patterson AFB (Refs, 19,20). Itis specifically tailored for the needs
of vertical take-off and landing operations. |

{b) The other type of augmentor wing is the ejector-powered
Jet~flap, which is the subject of the present investigation. The pur-
pose of the ejector in this case is to augment the primary jet
momentum tvith the ent:t'ained' seeondary, the intent being to pfoduce
an increase in circulation around the wing as compared to a conven~
tional jet-flap design, other things beiﬁg equal. In addition, the
design is i)urported to offer a potential remedy to the noise problem
- as soeiated with conventional jet-flaps. The ejector-powered jet-flap
is aimed at producing the high lift coefficients needed for sustaining
flight at low forward speeds: this is the domein of STOL. The -
Large-Scale Aerodynamics facility at NASA/Ames has tested several
full-—scele versions of this scheme (Refs. 26,27},

| The present wo.rk is concerned with the analysis of some

aspects of the flow field around a two-dimensional section of this

/S
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type. Let us des criﬁe now in more specific terms therﬂow field and
how the conventional modelling techniques can be extended to the
present problem.

2. Representation of the Effects of the Mixing Zone on the Lifting

Surfaces
The effects of the mixing zone are represented by the inflow

velocity- assbciafed w1th the jet entraifunent, a;nd a net' momentum |
flow-downstréam .resﬁlting in a powered wake. The iﬁﬂow velocity
can in turn be represented as an equivalent distribution of sinks lo=
cated on the rjet, centerline (Ref. 33}, the strength of these sinks
being equal to the rate of entrainment.. The net moméﬁtum flux.in
the ébﬁrered wake is representative of the mixing efficiency of the
ejector, _Th'e specifi_(: parameters ‘used,depe_n,d on_the:wake model.
used and are discussed in the next section,

3. 8Sclutions to the Eifting Froblem for Multi~energy Flows

A wide variety of multi-energy potential flows have been
investigated over the past fifteen years or so, and are quité' intimately
associated to new developments in lifting systems. The flow models can be
classified into two families: thin wake models and thick wake models,

- The independent parémeter used to describe the energy addition
will depend on Which wake model is used.

Spénce, ih his analysis ofjet-fla? cbnfi_gurations (Refs. 5, 6,
13), used a thin wake model, in Which_thé real powered wake is
replaced by a single vortex sheet. In addition the boundary conditions
are lineé.riz‘ed. This model is valid in the limit of a jet of negligibly
Lsinall mass flux .b_ut finite momentum flux (it is the independént /é

N
H
[
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pé.rarneter‘ energy addition due to the jet).
‘-His analysis was exte;nded by Wygnanski and VNeWIhan (Ref. 7)

to include the effects of entrainment by adding slin_ks on the airfoil
éhordline. The strength of the sinks, for a given jet momentum, is
related to the entrainment as mentioned prevlously. it is found that
~although 51gn1f1cant the contnbutlon of the sinks to the over-all lift
1ncrement is quite small, and poss1b1y dependent on the particular
mixing model used,

"I-'hic;,k wake work has been lérgely' associated with the predic-
tion of p_ropéller configurations, with the exceptioﬁ of C. A, Sholl-
enberger's inﬁestigation of the two-dimensional -prop'ulsive biplane
(Ref. 8). ’f‘he independent‘pa.rameter, in this case, is the head

: , ! _ am
H

zpU
action of an actuator disk which raises the-hggd of entrained fluid

change AH normalized in the form C

5 it results from the

from H, to H +AH. |

Efforts have been directed toward the solution of the flow
field generated by a heavily loaded actuator disk at zero angle of
attack and to include the effects of. non-uniform loading (Ref. 3), and
at a finite angle of é,ttack (Ref. 12). Mor-e directly relevant to our
problem, Chaplin {(Ref. 2) has investigated the pei-formance of
shrouded propellers at zero a.ngle of attack and no forward speed.
H1s treatment of the wake is quite similar to the one of the present
work, described in Section II. A review of shrouded propeller work
can i:e found in Weissinger and Maas' article (Ref, 9). The emphasis
of this work being toward propellers, the configurations investigated
are always two-dimensional axisymmetric, making thé results of /z

1

f
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use for our particular configuration as general reference only.
- The potential flow model proposed in Section II is an extension
of C. A. Shollenberger's analysis of the two-dirhen_sionﬁl propulsive -
wing with rectilinear lifting surfaces, It accounts for camber, and

| - .
in particular for flap deflection, This will be described in the next

section.

/¥
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II. POTENTIAL FLOW PROBLEM

1. Formulation of the Problem

.This ‘'section provides the theoretical backg;dund for a numer-
ical calculation of the potential flow around the lifting section repré-
sented in Fig. 2. It was found that the singularityisystem plr0posed
in Ref, 8 for réctﬂinear chordlines can be extended to this more
general geometry. |

(a) Field Equation and Elementary Solutions

In this section, we will formulate the problem of the incom-
pressible, inviscid hbmogeneous and irrotational ﬂow.about a system
of lifting surfaces of specified shape in which the amount of energy -
addition is specified through the head change AH. |

The lifting surfaces will be represented by cambered thin
lines, in the usual thin airfoil theory formalism,

We will assume that the.powered waké fluid does not substan-
- tially mix with the surrounding fluid, so that it can be assumed to be
bounded by two infinitely thin vortex sheets. This as sumpﬁbn will
model the jufnp in velocity between inside and outside of the wake.

In the conélitions stated above, the stream fupction Jr of the
system, and its derivatives, the velocity components u and 'uy,
satisfy the Laplace equation throughout the field (including thé wake)

except on _the boundaries where a jump in tangential velocity occurs, |

quJ =0 / ?
Vzu = Vzu =0 .
X y



-
- We will work with the velc?city qomponent? U and uy because
the boundary condition_s are more readily expre:sée;d_ in terms of u_
gnd_ uy rather than . |

Using the jump condition across the vortex sheet,\ we. may

: N
decompose the tangential velocity field into a reigular part, uothei'(x)’
due to all the other singularities in the field, and a single-valued
part, representing the self~induced velocity field due to the local
vo;rticity:

lim u(x, y}-u Kﬁ:u'. ' ' (1)
g0 other 51

where u_, = 3 y(x) for two-dimensional vortex sheets.

Le’£_s. :?(0) siaecify the position of a vortex sheet (Fig. 3) of
intensity !—:;'(0‘) l Then the velocity ‘figld A-ﬁ*(—i") due to the vortex
elei’nents between o) and o, at any point away from the diséontinuity

is given by:.

- s|

The total velocity field at that point, “1;(_1?), is found by superposing
the contribution from all the vortex elements in the field. The
- choice of specific vortex elements is dictated by the particular prob-
lem treated. Each is referred to as an '"elementary vortex™ and,
within this context, (2) is an elementary solution to the field équation
(Poisson soiution to the Laplace equation)-.

We ilave found a general exPressioﬂ for the solﬁtion {:o the
field equation, expressed in terms of the singularities in that field,
The next step is to find a suitable set of singularities, These are

imposcd by the boundary conditions, - Cl@
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(b) Boundary Conditions

The boundary conditions are imposed both by the airfoil sur-
faces end the powered wake. These can be separated into two distinct
classes: those that ere linear in the velocity field and those that are
not,

{i) _’I‘he Kinematic or Streamline Condition: Let a be the

local slepe of th.e streamline, referred to the freestream direction
(local angle of attack). Then we must have the following réletionship

between the velocity components:

- v

b = tana

U_+u ' 3)
W x

VSince there is no flow through the surfaces representing the
airfoi!s, this relates the geometry of the system fo the velocity field,
the standard problem of thin airfoil theory.

In add1t1on the relation must be true in particular at the
vortex sheets boundmg the wake from the outs1de fluid. However,
in this case, both a and the veloc1ty components are a priori unknown.

Also, the presence of the powered wake imposes finite
velocity perturbations at downstream infinity. We will show how
thie boundary condition is satisfied by the wake model we will choose,

(ii) The Pressure or Dynamic Boundary Condition in

the Wake: The mixing process occurring in the ejector raises the
total pressure of the entrained fluid from atmospheric'head H  to
Ho + AH. Appljri.ng the Berﬁoulli equation on the upper and lower

o

side of the wake vortex sheets (Fig. 2), we get
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H = p.+3 w? outside wake
o o ' 2PY%

2

1 inside wake

HtAH=p, + 1 pu

Continuity of static pressure across the vortex sheet requires P, = P;
. ’ _ l _ N R Il
AH =3 p(ul-!ruo)(ul uo) | | ' . (4)
where AH is specified for this problem. Using (1), we can directly

translate this into a condition for the vorticity:
P U by yixy=AH (5)

The difficulty of satisfying this boundary condition is two-fold--it is-
non-linear in the veloci‘;;y field, and the location at which it should
be applied is a priori unknown,

The solution to the problem is completely determined; in
principle, given the representation (2) of the velocity field and the
set of boundary ‘conditions (‘3‘)‘ and (5).. We must now find suitable
elementary soiutioz;s and a practical scheme to actually solve the
problem.

2. Vortex Distributions to Represent the Airfoil System

The chordwise distribution of vortié'ity in t;he'pres,énce of
discontinuitiesl in the shape of the boundary has been discussed
exten&:.ively in Refs. 5, 6 and 16, These discont’inﬁities occur at
the leading edge, at the sharp corner representing the deflection of
a flap, and possibly at the trailing edge. A singuiarity in the vor-

ticity distribution at the trailing edge means flow around the trailing

Al
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edg.e due ~to jet discharge 'angle. This is known. as ""singular blowing"
(Ref, 30). In our problem, the jet dischal.rgels parallel to the flap
line, thus removing this condition (" regula'r blowing').

In the final analysis, these singularities are of two types:
square root at the leading edge and Iogarit‘hmic fof the ‘otﬁeri two.
The different nature of these singularities shows in the i_ntégraltéd
effect: the square root singularity prodﬁces a net thrust in addition
to the normal force, wlﬁle the logarlithmic singularity is too "weak"
to produce a thrust term. It is these criteria that dictate the choice
of a 'particular type of vortex distribution.

(a) The Leading Edg_e- Singu_lar'ity;

A weil-knOWn result of thin airfoil theory is the square-root
leading edge singularity of the _vo:rticit)lr distribution of a flat plate
airfoil at an angle of attack: -

T

Ye(x)~ -2 as x>0 R (6)
- .

The flow around the leading edge of the thin section is interpreted as
the limit of the flow about the round nose -sectioﬁ of finite thickness.
In both cases, this singularity produces a finite suction force |
S =2n I‘?,. dirgcted along the slope of the camberline at the 1éading
edge,

The Kutta-Joukowsky flow about a lifting ﬂaf plate has the
required behavior at the leading edge. It is described by the follow-

3

ing analytic function:
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w(z) = u-iv

. zw]
ir, {1 - ¢=—=1 (7)

In particular, it gives a constant downwash v = I"f on the chordline.
Further properties of this flow are listed in Appendix 1.
The chordwise distribution of vorticity for a flat plate due to

the nose singularity becomes:

Yf‘X) = I"f -1—}:13{- ' . . (8)

where T} = sina for an isolated flat plate and is otherwise unknown

for anr arbitrary system (see Appendix B, page 38). -

(b) The Trapezoidal Distribution of Vorticity

The logarithmic singularity occurring at flap deflection can
é.lso be handled in a similar fashion by finding the ﬂc;w function due
to a s_ha.rp'break in the airfoil chordline. Ref. 17 has taken advantage
of this approach. |

In the present investigéltion, ;er found that the singularity
could be adequately hand}ed by assuming a tré,pezoidal distribution

of vorticity between neighboring points:

: x L .
Yo = G (L)) - (9)
Provided the step size 0; is chosen small enocugh, .the agree- |

ment in overall lift with thin airfoil theory has been found to be

excellent. The pressure distribution is of course quite different

in the neighbotrhood of the flap hinge, but then the sharp break in £¢
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camberline is not a realistic representation of the flap deflection
anyway. - |
The field due to (9) can be calculated at any point using (2).
The details of the calculation and properties of the field are hsted
in Appendix 1.

+

(c) Total Chordwise Distribution of Vorticity and Downwash

We may now superpose the contributions:(S) and (9} to the

vortex distribution which becomes:

_ l-x : l x _
y{xi-s xS (xi+ai))—2I‘f #T + I‘i+(I‘i+1-I"i) c_i (10)

where x is referred ,fd the mean chordline of each airfoil. The

resulting downwash distribution on the camberline is

' 1 | x
vix; Sx$ (x,+0.)}=T+ 3= [I‘1 Log IEE’T‘I
L% x ] ' |
AR TS RENY (_l * "ci ) Log lci-—x l):l ¥ Vother (11)

| The It and [ ] terms represent the downwash induced by the ith
element on its eif, while Vother represents. the field generated by

all the other vortex elements in the lifting system (including those
on its own airfoil),

The coﬁstant term I"‘f in the dov;rnwash corresponds to a thin
airfoil approximation, but it should be emphasized that the downwash
corﬁponent is computed at the actual location o'f) fhe boundary .condi-
tion on the camberhne and in the lOCal coordinate system deflned

by the slope of the element at that pomt In contrast, thin alrfml

theones handling the downwash dlstnbutmn in terms of integrals &5
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of the vortex distribution are of neces sity limited to computing the
downwash as if the boundary condition were imposed at the mean~
- chord, Regardless of whether the approximation is justified or not,
the present numerical scheme obviates the need for making it in the
first place. i

Having the expression of the downwash as a function of the
unknown vortex distributions, we may use boundary condition (3)
and solve for the di.stributions. This is the subjéct of the next
section.i |

(d) Endpoints and Conirol Points on the Airfoil System

Let n be the number of segments chosen to represent the
camberline for the lower airfoil, and m for.the upper one.
The set of unknowns representing the vorticity of the airfoil

system is:

(12)

G=lly s Ty E T e T )

-

It contains the two léading edge singularity terms,_ Fﬂ and rfu’ and
the trapezoidal terms. | '

We have omitted the trapezoidal terms at the .leading.edge of
each airfoil, They may as well be taken to be Zero, because the
square root singularity domina.tés anyway. At the trailing edge,
the vorticity is specified by the Kutta copdition, so that I“n+.1 =

rn+fn+2 =0, of course, in the unpowered case, In the powered

case, the vorticity is specified otherwise; we will return to this

point later, ' QQ Q
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Thus, the total number of unknown vortex inténsities is the
same as the total number of segments representing the system.
We may select in particular the midpoints of these segments to com-

pute the downwash, whence it takes the particularly simple form
| _

o Il-ri+1
vix = ‘_?.-) = rf +. 2mw * Vother (13)

We call these midpoints "control points™,

We-maf now solve for the vortex distribution as a! fu.ncti.on of
the slope of the camberline. Boundary condition {3) involves velocity
components parallel and perpendicular to freé-strearh. W riting (13}
for all (n+m} control points, and rotating éo the proper coordinate

system, we can write symbolically

w =0, . I, +U. I, +... +U

x = U1lg T U 20 oV Tru b

1 In+1"fu

U+ G for control poi.nf #1,

e +U1n+m+1rn+m+1'§ =

and similarly . uY =V + G for all control points - {(14)

U and V are the induction functions by which given a vorticity distri-
bution G the velocity can be calculated at any point. Conversely;
given 'boundary condition (3) the vorticity distribution may be com-

puted as follows:

Define H = V -~ U tana

Then (3} must hold on all control points so that H. G = [Uoo tana].

which can be solved for G: | J_Z
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G = __1:1_’1 [Uoo tana] Solution to the unpowered - (15)
- problem

The matrix “Ii'l' is referred to as the matrix of influence coefficients

and plays an essential role in the following parts. -

'3, Vortex Model of the Wake

(Ei) Generall

W‘e have seen that thé difficulty of the problem arises not only
from the .ﬁonline'a‘rii;y of boundgry condition (5’, butrralso in fhe fact
that the location of that boundary condition is unknown.'

To obviate this difficulty, .a. number of inﬁestig‘ators (Refs..

8, 2) have succes sfull-y used an ite;‘ation technique yielding a pro-
gressively better satisfe‘lction of boundary conditions (3) and (5).

The wake ié modelled by trapezoidal segments, (similar to
the previous section), the position of which varies during the iteration,
It must, however, be truncated after a certain downstream position,
This truncation must be compatible with the boundary condition at

downstream infinity mentioned previously.

(b} Representation of the Flow Field at Downstream inﬁnity:

The numerical scheme we are proposing iﬁvolves the; calcula-
tion of the downwash at arbitrary points in the field. Thus, it is a
matter of practical need that we choose a representétion of the flow
field atrdownstream infinity so as to get a smooth distribution of
downwash even in the last wake endpoints,

We do know that the far wéke must consist of two parallel

vortex sheets of vorticity ty, =1 - \31+CH, which is found by (-2 Y
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applying the jump condition atp=p_, i.e., where U = Ut %Yoo'
The separation of these sheets is a priori unknown otherwise, The
diréction is known: the far wake vortex sheets must lie along the
freestream direction.

The velocity field induced by two line vortices, starting at. a
downstream distance x, and separated by a distance h_ can then be

directly computed using (2).

T 21 xo-x -1 xo-x : ' s
211'ux = YOD [Tan (Y"h } - Tan (-g_-_rh'—-) (16)
[we] ) [0 0]
2 2 L
(x,-x)+(y-h_)

.21rvy = Yoo Log [ (17)

]2
(e, -x)°-(y-h )

Where-hbo varies during the iteration. This far wake model was also
used by Shollenberger.

4, Description of the Iteration Procedure:

(a} Updating the Airfoil Vorticity:

We can convenienfly separate the field components due to the

wake and due to the airfoil:

Vv =V (a) +v{ (w)
y y y
' (18)
u_ =u (a) + u (w)
b4 X x

then, we may rewrite boundary condition (3) as

{a) (a)

vy -u tanaf{x) = Uoo tana(x) + u

(w)

_Jw)
tana(x) Vy

(19)

The field at the control points is expres_sed as: H* G, where G is

to be determined. Then, the amount of vorticity imbedded in the & ?
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airfoil re'q’u'i‘rred to satisfy the bouridary condition in the presence of

the wake-induced velocity components will be

1

G=H"'.[U tana+u "hana - v W] O (20)
- ] (60 . X Y

«1
5 is independent of the iteration and is calculated once and for all

7 for CH =0,

‘ (B) Updating the Wake

(i) Updating the Position. To find the slope of the vortex

sheet at the control point, we observe that if indeed this slope were
actually known, then it would be continuous across the vortex sheet,

i.e.:

v v )
1 yo C

(1 and 0 referring to the velocities inside and outside the wake]).

i w 1 uxo
So that since 1 + —== 1 + 22
v v
yl - yo
u_  +u 1 u . oo
and tana(x) = L T ' {22)
v tv v
yo 'yl yo

Now, we want to use the jump condition across the vortex so we must

transform to a system parallel to the vortex.

u o =u cosa{x) - v sina(x)
' foru_ and u
0 1
VY = u sina{x) + v cosa(x) :

where | - | I 30
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y(x) |

[N

=1 -
o] other

- 1
Y T Yther + 2 vix)

so that
Y% t ul =2 uother
v ‘ - Vc:t]:te:t'ql_vs. i.
- 2 uothers1na+{vother+vsi)cosu
tana(x) = 2Zu cosa~{v +v _.)sina (23)
other other 'si

If the boundary condition is exactly satisfied, then YN = Vother T Vsi’

which represents the total velocity normal to the vortex sheet, will
be zero, so that (23) ‘is‘ satisfied identically.

N

and a better estimate of the slope can be found by using (23} as:

If the boundary condition is not exactly satisfied, then v,_.# 0 ' -

(new) _. (old)  _(new)_  (new), {old)
tan fnew) _ “other ' S1¢ +(vother+vsi )+ cosa ‘ (24)
a T T {mew) (old) |, (new) .  (new) —— {oId} .
2U5ther CO8C _(vother+vsi )+ sina’

Having executed that for all the control points in the wake, we can
find the new wake position by direct integration:

, x ' :
ACY I _!c tana(x')dx' _ (25)
: TE

(ii) deating the Vorticity: The updating of the vorticity -

at the control points is readily obtained by using boundary condition
(5). The vorticity at the endpoints is then obtained by averaging the

vorticity between neighboring endpoints. The exceptions to this rule

B
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are:

(1) at the trailing edge of the airfoii, tﬁe vorticity is
linearly extrapolated from the first waké céntr;)l point. The con-
tinuity of vorticity‘ at this point complies with the Kutta condition
for regular blowing.

(2) the vorticity of the two last wake endpoints is set to

iym'

5. Computation of the Aerodynamic Coefﬁc‘ients. _V

{a) Forces |

Defini.tio_ns :

We will call "1iftn ang} force component perpeﬁdicﬁlar té thé.
freestream direcﬁon, and "thrust" a.l.ay component i:a.rallel but oppo=~
site to the freestream direction (i.e., thrust is measured by
negative numbers and drag by positive nuznberé).
| (i) The leading edge éuction term can ble found explicitly
by integrating the flat plate vorticity term around a lip of finite
radius and then letting the radius go to zero. The leéding edge ‘suc-

tion is thén

C:s = -2 f‘? for each airfoil ‘ ' (26) -

and acts tangentially to the leading edge element, .
This thrust, of course, does not produce any moment about
the leading edge.

(ii) The Pressure Integral Across the Camberline. Thisg

is the only place where the actual location of the actuator disk enters,
since the Bernoulli equafion involves explicitly the head of the flow.

S ad

f
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For convenience, we assume that the actuator disk is located at the
‘trailing edge of the system, so that the fluid is assumed to be at
atinoSPheric head H up to that point. This certainly does not affect
the value of the total lift on the system, since it depends only on the
total a.mount of vortmm.ty shed by the actuator disk, but will affect the
distribution of lift between the two airfoils and the load. However,
to represent these ifealistically would require detailed knowledge of
‘the mixing zone, unavailable at the present time. To find the
pressure difference acting between X, anﬁ X 6n the element of the

camberline, we apply the Bernoulli equation on its upper and lower

side,
P =pUS - 2ol (x)u’]
PPy ZP o~ 2Pl Y ther
poep_ =10 Ji[u .. (x)+u'] | @n
PuPao T 2P % = 2P LY ther _ :
where u' = -3 y(x); thus the load is Ap =35 p(4 Yo ther® ). _ {(28)

The elementary normal force acting on the element is:

Fit+1
N, !{ Ap dx
i

- Fyg
+p fx Ui (XY (x)ax

i

other(x) is the contribution of all the other‘vortices in the field, and
does not vary much over ‘segment i. It is most convement to compute

the velocity at the control pomt between x; and x, i41° Thus, normal.

izing as usual: | B ‘3‘5
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- N o, - Tifl,
_Nti=+2U(xi+T)-£ Y (x) dx
i

This component contributes both to the overall thrust and lift of the
system. It is more convenient to refer this component to the mean
chord coordinates, Let €. = slope of the camberline in these coor-

dinates. Then:

Fad fad
N. =cose. N,,
1 1 ti

L=-sin gy Ny | (29)
' o
Using the representation of the vorticity (1‘0), we can integrate the

vorticity term

*it1
J;: Y (x)dx = Tg [(6,41-0,)+(sin0,, | -sing )]
i
+I[B .+ 81 .ax, (30)
i+l 1 i :

where 68 = Arc cos(-zgf =-1).
Including the leading edge suction term, (26), the total normal and

tangential referred to the airfoil mean line become:

N =205 sing+) N
/ 1
i=]
T =-2n I cos{3+iz,1 T, (31)

(P is the slope of the camberline at the leading edge B = € )

To obtain the lift and thrust coefficients we rotate to the freestream

coordinates: , 3 %
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@]
1t
22

- cos{atp) ~ T sin(a+B)

a
n
wil

- sin(a+f) +ﬁ’f‘cos(o.+[3) | - (32)

(iii} The Pressure lntegfal on the Actuator Disk., The
forces due to the actuator disk (for the case of uniform loading) (re-
ferring to Fig. 8) are simply its normal thrust referred to the thrust

and lift directions defined previously:

C = CH + h+ sin(at+d)

C =-cH-h-cos(u+5) o ' (33)

So that _fihall_y we obtain the total lift and thrust coefficient acting on

the system:

T T T T | (34)

It fs these coefficients characteristic of the total vorticity in the field
(airfoil + w.ak'e) that are significant in the comparison with jet-flap
theory.

(b) Moments

We.refer all our moments to the leading edge of the main air-
foil, In this definition the nose thrust of the main airfoil does ‘nc:t

contribute to the moment of the system, but the nose thrust of the

shroud does, ) . ' : 55
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i
(i) Main Airfoil, Reférring to Fig, 8, the contribution

of the ith element to the moment about the nose is

~ o Yin , |
My=[ =i -f ydT, (35)
S ¥i

where

atT.

1

-sine, dﬁti (36)

and y is related to x by the local slope of the camberline;
y(x) = xtan‘si + y'i - x, tane., Madng the same approximation as in {a)

concerning the velocity, we get, after some manipulatiori:

. . _ i1
VAL +20 (x. + =) * [cose.+sine tane ]- f xy (x)dx
: i’ 2 i i Y
: *5
- (yi-xita,nsi) T : (37)

Writing the vorticity integral explicitly:

i+l
~ _ 1 —~t _L - ]
xy (x)dx =5 I} [9i+ 17852 (st_Bi_I_l-stBi)] +
IS of |
s 20, JitlTNic1 03 1.3
teli )ty T L3 =iy * 535 - 320y (38)

The total moment acting about the nose due to the lower airfoil be-

comes:

(39)
My 3 - C

34
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(ii) Moment Due to the Shroud

Moment due to the normal force on the shroud, We

assume that the maximum camber of the shroud airfoil is small
enough so that we may neglect the local slope in computing the mo-
ment about the leading edge of the shroud, i.e. (referring to Fig. 8)
X, :
‘ dN
— [ ] .
My =[x () ex (40)
- .
1 '
and then the moment transferred to the leading edge of the main

airfoil becomes:

) 2 |
M_ = [ “xdF -J‘y ydF .- (41)
o J y v x
- 1 . , |
using
-Yz‘yl :
tane, = -}E-—z-—_?{-— | _ _ , (42)

dFY = dN cos EM

_p (43)
de = «dN sin €M

we finally get:
Cpp = M (N) = M (N) + [x1° cose ) 4y, - sine, ] - [N (44)

2
where (xl, yl) is the position of the nose of the shroud in the rﬁain
airfoil coordinates.
We must add to this the moment due to the leading edge
suction, which is readily found to be
~2
f

MO(SLE) =2vD [ylcqseM—xlsinsM] K (45)

37
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(iii) Moment Due to Actuator, Referring to Fig. 8, the

contribution to the moment due to the actuator is found to be independ-
' |

ent of the position of the actuator and

C

= G hed . : (46)

act
where d is the lever arm of the actuator. The total moment can be
found by simply adding the various contributions:
+MO(Sle) + CM (47)

MZ act

6. Performance of Numezrical Scheme

The numerical calculations were performed on the IBM/System
370 available at the CIT Computing Center.

45 segments were chosen to represent the caxﬁberline of the
test configuration, The total corﬁputing'time for the unpowered con-
figuration, including the inversion of the i.nfll:l-ence coefficients matrix,
was about 20 seconds,

The step size of the segments selected to represent the wake
must be smaller than or equal to the exit height of the ejector, %— .
For a fixed downstream wake cutoff distance, low % _ratios t-ranslaté
into a larger number of segments to insure convergence, resulting
in an increase of the required computing time, &T-hus',, for a.—l—;- =15%
and wake cutoff at 5 chords downstream, 50 segments wéré used,

The number of iterations required for a given accuracy in
the aefodynamic coefficients appear to be directly proportional to

CH, and sensitive to a lesser degree to an increase in the angle of

27
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attack and/or flap deflection.
For the case of high CH and low %—, the total amount of com-

puting time for a complete set of iterations is about 2 minutes.



 =27-

111, COMPARISON WITH JET-FLAP THEORY

In Ia well-known paper (Ref, 6), Spence developed a linearized
theory for the two-dimensional potential flow about a single element
jet-flap airfoil and computed the lift in‘creinent due to blowing inr the
form of lift de rivatives tabulated versus the jet momentum coefficient -
of the Primary Cp.. In the previoué seétion, we propo.sed a numerical
scheme to compute the lift coefficient on a multi-e;iement airfoil,
given the head lchange Cy- The purpose of this section is to est.ablish_
a techniéue for fhe éomparison between thg lift increments obtained
by the two different methods,

1. General Characteristics of the Computed Lift Curv'e.s

4 .

For a constant flap deflection, the,functiona.,l dependence of R

the lift coefficient can be written as:

G, = G (e, Cpy) o - | (48)

so that
8C; 8C, |
— . - L = [ L ——— "
Cy, = Cpla = 0°, Cpy=0) + —5= |c ot 55— |, O (49)
H H
{(neglecting cross~terms)
We may regroup
‘ ' ' BCL
CL(O'=0"GH)=CL(G' =0 ,CH=0)-+-8-(-:—E'_CH (50)

so that the lift increment due to angle of attack only becomes

_8C
L~ Fa '|c e

H

AC
CL"";:L(O' = 0°, CH) | o 40 (51)

L]
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‘The presence of a finite lift at zero angle of attack in the pbwered
éase results from the asymmetry in the lifting surfaces, In the
early part of the work, some difficultjr was encountered in the inter-
pretatidn -of the lift curves, because a finite _1ift at a = 0* results in
lift derivatives {as computed diréctly from {48)) be;coming infinite
at that angle, thus precludmg any meanmgful companson with
Spence s theory.

Dr, H. J. .St.ewart recognized the similarity of this behavior
with that of a wing é_quipped with suction-type boundary-layer control,
of which he prev\iously made the theory for é. single element airfoil
{(Ref, 18). This théo_ry will be repeated below, and affords a direct.

‘ j.ntérpi'e;:ation of the lift curves at a{= 0°. :

Having established that, it will then be shown that the lift
increment due to angle of attack only can be directly related to
Spence's increment, having suitably related the head changg' CH tq
the tofé,l momentum flowing in the wake, |

2. - Effect of a Sink on a Single—'element Airfoil

The suction effect of a boundary layer contrél device taﬁ be
represented by a sink on the upper side of the a1rf011 (F1g 10}
The analysis of th1s effect was done in Ref, 18 and 1s repeated here,
as it provides the theoretical backgrcund‘necessai'y to interpret
the ,presen'.;:e_in our configuration of finite lift at a = 0°, I:n the trans-
formed plane, the combination of sources and sinks necessary to
:m.alnta.m the cn-cle a streamhne is also shown in Fig. 10. Let 0 be
the angle betweer the du-ectlon of the sinks and the rear stagnatmn

pomt. Let the distance between the sinks go to zero. Then, the ?l/
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horizontal velocity component generated by the sink of strength -2Q
~ is cancelled by the velocity due to the source +Q at the origiﬁ. The

net vertical velocity component is given by:

v, = ——29 5cos () | | | (52)
¥ 2m(2R sin )
= zij cot (3) 53y

Thus, to maintain the stagnation point at the trailing edge,
an extra amount Arind of vorticity at the center of the circle is
necessary, ‘directed counter-clockwise so that its induced velocity

comﬁonent exactly cancels (53):

AT, - : _ : : _
g ccotrmar s acotd (54)
The resulting lift increment is pUmM"ina.'. The total li't-ftl

becomes:

Z .
L= 'n'pUmcaina + pr. Q cot(-g-) ‘ | (55)

and in particular is nonzercas a =0 ,

3. Comparison with the Computed Lift Curves ato = 0°: the Actuator

| as a Sink
To relate this to our configuration, we must first estimate Q

as a function of C The strength of the sink is the difference in

H'
mass flux between the power-on and power-off configuration, which

‘/i,

can be egtimated as:
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"_Q = hUCD - huj
| N |
=wU_ [1 - (1 +Cpp2] (56)

Also, -we recognize that the cot(g-) factér is valid only for a
single element airfoil. For a multiple element airfoil, we expect
that the factor shoﬁld be somewhat different; In particular, if the
two chordé are equal, then the symmetry of the problem dic;tates
‘that tﬁere can be no liftata = 0", Thué, the estimate of the lift

increment becomes:

[

sy,

_ ‘a h ' '
g 2k, ). [(@+Cpy-1] (57

c §

where the factor k(—-ég-, %) must be determined for the particular
geometry considered,

The lift slope corﬁputed numerically in Fig. ll'cprrespondé
to a system having a chord ratio %E.: 40‘% and an ejector heightr
%- = 15%.  The numerical value of coefficient k was determined by a
best fit of the curves C .

@ = 0.’ CH) and AC ,» which was obtained

(
L Ling

for k = .1625. The agreement between the two curves validates the

interpretation proposed for the mechanism of generation of lift at

I

a=0".

4, Comparison of the Lift Increments Due to Angle of Aﬁ:ack with

Spence's Theory

The lift increment due to angle of attack computed numerically

3

by Spence in Ref, 6 can be approximated by
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L

1
AC o 271 +.151 G;% +.219 G ]a (58)

(no lift at a = 0°)

where Cj is the momentum flowing in the powered wake. For a jet

flap, this is just equal to the momentum of the primary Cy= CM’ as

this  model neglects any entrainment in that region. To relate

ACLJ.F to the lift increments computed in our configuration, we

must relate G.I to CH.

a. Relation Between Head Change and Momentum Coefficient

Referring to Fig. 2, the total momentum flow in the far wake

is:
=y u’ .
M =p uj .hm ,
where uj- is related to the head change by

+1 ,»Uf‘;0 *AH=p_ + %-pu.z

.‘pm j

so that

2 _ .2
puj = pUg, + 2AH

and
: 2
M=h_ [pUm‘ + 2AH] (59)

For the type of geometries representative of an ejector-
powered jet-flap, the -exit height to chord ratio —ci will be-of the

order of 10%., Under these conditions, ‘the résults of the nurnerica-l. %‘/
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scheme proposed in Section II show no appreciable slipstream con-
traction, i.e., B—S ~ 1. This allows us to neglect the pressure

© ‘ .

integral on the wake and identify (59) with the total momentum flow

at the exit of the ejector:
M_=h_[pU% + 2AH]
8 s P

so that the jet coefficient that will be used in the comparison with

‘Spence's theory will be

CJ=

=2-=2 1+c,] | (60)

To relate CJ to the conventional primary jet momentum C
- we note that CH is the force, i.e., change in momentum, exerted

per unit height by the actuator disk on the pumped fluid, so that

hs o
. % Cu o . (61)
. ' ) hsr . :
and CJ. =2 = t2 Cp. _ | (62)

A further implication of this choice is clear Wheﬁ we consider
the ejector at zero forward speed Uco =0

so that (51) => M. = 2M

J B :5’
and ———'-]._—=2 ' o '
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This ideal augmentation coefficient can be achieved only by an ideal
mixing device (Ref. 21).

b. Comparison of the Lift lncrements

We are now in a position to compare the lift increments due
to angle of attack computed by the two methods. This has been done
in Figures 11 and 12 by comparing the lift curve obtained numerically

‘and the curve C_;L = CL(a = 0°, CH) +AC , Where CL(u=0 . CH) is

LJF

also computed nurnei'ically, for the following configurations (the
geometries are in Fig. 2-A): |
Fig. 11, System of unflapped flat-plate airfoils, with height
2. 15% and chora ratio 22 - 40%

Fig., 12, System of flapped caml:;ered sections corresponding to

a configuration tested in the 10«foot tunnel at GALCIT

and described in Ref, 34, |

It is seen that for these widély different configurations the

1ift increments computed by both methods agree guite well, In addi-
tion, the distribution of lift bétwéen the two airfoils has been plotted
in Figs. 15 and 16 for an actuator disk effectively located at the
trailing edge of the system. Both lift slopes are negative, 1nd1cat1ng
the presance of the upper airfoil stagnation point on its upper sur-
face. This again illustrates the sink effect of the actuator on the
liftihg surfaces,

5. Comparison of the Moment Curves

A similar comparison was made for the moment curves of
the same configurations as above, the moment increment being also

obtai.ne-d from Ref. 6.
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For the flat-plate system (Fig. 13), the curves have differ-
ent slopes and cross for a value of CH high enough.

For the cambered system (Fig, 14.), ‘the magnitude of the
moment increment as well as the slopes agree with the moment inl-
cremént computed from Ref. 6.

To the extent of this comparison, this indicates that the
moment increment is sensitive to the particular geometry consid-
ered and cannot in general be reliably computed from the jet flap
‘increment, |

6. Conclusions

The method of superposition that has been just discussed
allows a simple mterpi-etation of the lift curves computed numeri- .
cally in terths of analytical results for single-airfoil configurations.
While it does not remove the need to compute numevrically the lift
at a ='0°, it lenﬁs to the numerical solution 4 flexibility that is

inherently lackin_g in this type of approach.

4
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APPENDIX

A. The Trapezoidal Vorticity

L Expression for the Flow Field

i+l ~

Let g, be the mesh size o, =x
The trapezoidal vorticity is a linear distribution of vorticity

between X, and Xy

yix) = I R (DL -T) - (1-1)

o,
i

We want to compute the induced velocity using the Biot Savart law:

dur = Y o . (1-2)
o : '

2mu_ =£ ;Yiiz)—idx | (1-3)
o x';-x

2mu =J; == y(x)dx . (1wd)

Carrying out the integration:

x-0; -1 ,x
)-'I?n (3;)] +

2mu_ =T, -.[Tan“l(
x i ‘

1]

v x2+y2 ‘o X 1,579 1,x
+(I‘;.L+1-1“i) . 20_‘ Log [-——-—-—2-—-—2— + o Tan ~f v )-Tan (-}7)]
7 i (oi-x) t+y i

(1-5)

I

: 2 2 Az
2wu = I'; Log[-—}i-ix———i] +
y (O'i-x) +y

; 2,2 ° X0,

+ -1 -

+(I‘i+l-ri)- ;..14--5:-.- Log[ X 5 ] -B‘X‘-[Tan { 7 1)_Tan 1(%)] (
| i (Ui-—x) +y i

(1-6)

¥
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2, Limit Forms of (1-5) and-(1-6)as y=~+1 0

. -1.%7% -lx ™ T .
{i} x<0 orx>.cr Tan 5 )-Tan (}-) i-z—-(i-z)_o (1-T)

, .t 27w =0
: x

21ruy = I‘iLog }?}:——xlﬂri&l-ri) -1 +%Log fU:ix ’

Same holds for x >O‘i
(ii) 0<x< o,
-1 x -1,%"9% T m
Tan (}- - Tan‘ [—}—r-—l-) —-j-_-2-+\ (_-!;-2-.) =47

Sothat u (0< x< o, y=+0)=+iyx) © (1-8)

(ili) Expression for the downwash

In éomputing the downwash, we reqﬁire ux' = 0 so0 that

Ty ST e I-&?‘;‘_ |+ (Iﬁi+1“ri}'[".l ¥ o, L°g-la:ix |]

and in particular (1-9) evaluated at the midpoint yields:

: 1

=0) = - 5= (T

u(x':%,y '
itl

. ri) ‘ _ (1-10)

3. Comment
It should not be concluded that the field at the end of these
segments X = 0 is inherently singular, gince the dowﬁwash is com=-

putedas v=v . +v although, should one need the downwash at
other

si
that particular point to interface with a complete integral model of
the turbulent flow outside the ejector additional numerical sophisti- % f

cation would be needed,
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B. Field of the Leading Edge Singularity o

The Kutta-Joukowsky flow about a lifting flat plate is repre-‘-‘

sented by

w({z) = u=iv

iff[i-qf—;l] o (1-11)

where f‘f =. sina for an isolated flat plate.

Using the angles in Fig. 5, this can be decomposed into real and

- imaginary parts |

R® = (1-x)% + y2
x? ;x?-l—yz {1-12)
Then ¢
.;_ .
o 2 : .
u=I- [ T siny] . : : (1-13)
3 ,
y=20
4 .
v = ff [1- BI cosy] (1~14)
rz
: 6,-6
where y = 22 !

"The downwash on the chordline y = 0, 0< x < 1, is constant : v :T“f.

. Outside this interval, on the line through the two branch points, we have

.v:f}-[l- Z{;—l],x<0_and x=z1 . IO
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In addition, the vorticity distribution can be deduced from (11) and

is,

-
V(0 S x <1) =2T, - —§5 | (.1_15)

with the square root singularity at the leading edge.

The complex function (1-11) représents the leading edge
singularity fo r any thin airfoil as well as for a flat plate, providea the
branch .cut is moved to coincide with the camberline. in the particular
scherﬁe we used for the numerical solution, the branch cut was not
meoved, so that the contribution of the leading edge singv.tla‘ritjr to the
tofal downv.valsh on its own airfoil, given in equation (11), is just ?f’
and the vorticity is (1-15). These two results Iare linearized approx-
imations.. The nonlinear results could have been incorporated at a
slight increase in the complexity of the calculation. A consistency .
check was made by computing the- velocity components directly
from the computed vorticity distribution equation (15), and they
satisfied the imposed Boundary condition within three significant
digits. Thus, in this particular example, this approximation was

well justified.
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TABLE I

A, Norhenclature :

Definition of Tests

RP = Test where pressures from a total head rake were
recorded photographically from a 100-tube multi-
manometer board, |

sSP = . Test where pressures from flush moctel surface

' orifices were recorded. photographlcally from a
100-tube multimanometer board.

TP

Test where the behavior of tufts, attached to the
model surface, was recorded by still photography,

Definition of Angular Measurements

ag, (ALPHA) = Geometrical angle of attack of the wing chord plane
 (with §=0) relative to a horizontal plane through the
wind tunnel axis,

' 6f = S Angle of flap deflection relatlve to the wmg chord

plane. ('Sf = 30° for these tests)
“65 = : Angle of deflection of the shroud relative to the W:Lng

chord plane. (6 32 for these tests)

Angular displacements about spanwise axes are positive when

the nose is raised, trailing edge lowered.

Definition of Geometrical Parameters

(see Table II-A and Fig, 2 for dimensions)

b = Model span (measured inside end plates)

c = Wing (design) chord )

c! = Wing chord with 5f = 30°

c; = Flap chord -

ey = Shroud chord

GTE = Distance between flap trailing edge and shroud zfy
trailing edge measured normal to the flap chord

plane.
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- TABLE I{Cont'd)

‘h = _ | Distance between flap and shroud chord lines
measured normal to the flap chord line at 0. 25 Cg-
X = Distance along chord line with x = 0 at surface
leading edge. .
& = ‘Height of the auxiliary air blowmg slot measured

at the slot exit.

= Centerline,.

= Hingeline.
LD = Inside diameter.
T.E. = Trailing edge.

Definition of Airflow Parameters

In the following the "'equivalent free air stream'' conditions are
defined by the pressure, density and temperature which an observer at
rest at infinity would measure if the model were moving w1th a uniform

velocity V through an infinite fluid at rest at infinity,

P = Static pressure of the equivalent fré'c airstr'earn_
Qe= Volume flow through the auxiliary air supply system
q = Dynamic pressure of the equivalent free airstream
R = Reynoclds number = -E::—C-

V =  Velocity of the equivalent free airstream.

Vj = Velocity of the auxiliary air at the jet exit

p = Mass density of air in the equivalent free airstream
Py = Mass density of the a.uxiliary air at the jet exit

o= Absolute viscosity of air

90
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Definition of Coefficients ‘
CD = Pressuré drag coeffiéient {(wind ‘a'xes)‘determined

from surface pressure integrals as follows:

CD = CC cos ag.+ Cﬁ sin ag " where CN and CC
are normal force coefficients and-chord force
coefficienté respectively, and

. CN - norma} force '

]

gqc
‘l, |:J._é£ dc + J‘A—P dcpcosd, + jé—adc- cosﬁ]
c q Ja f f g ] 8|

wing flap | _ shroud

where AP is the difference in pressure between the

upper and lower surface. Note that C does not

include skin friction drag. C_ is found similarly

by ihteg'rai;ing parallel with the local chord. G is

D
| positive in the direction of the relative wind, .
CD‘ = “Total'! drag coefficient determined from
. T . . . . -_— ., . . . : N B ‘
. CDT- CD - Cl-'- cos‘(ag + 6f) ,
C,, = Lift coefficient (wind axeé)'determined from surface

pressure integrals as follows:
CL = ,CN Ccos o:g - ;C ‘sin arg 7
Seé d_efi_-nition of CD for CN and C.C‘ CL is positive ‘

up, normal to the direction of the relative wind.

CL = Total lift coefficient determined from
. T . . _ . .
CL’jf‘ —k CL + CP- sin (ozg + Sf)
_ . Pm—-P
~C_-= Pressure coefficient = o : where
P, ' . - q '

P_, is the pressure recorded at model or rake orifice m.

Cj = - Auxiliary air jet momentum coefficient ' .
| v.% | ? /
' Pi* - )

‘qc
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0
i

Jet momentum reaction coefficient

- C,
J

Definition of Corrections to the Observed Data

-The only corrections applied during the present tests were those
to account for the solid blocking of the model and the solid plus wake
blocking of the model support system and aux:u'.li.e.rg,r aireupply hoses The !
wind tunnel airstream velocity settmgs have been corrected for ‘the in-
creased velocity due to an effective decrease in tunnel test section area,
This correction is given by the. followmg forrnula in terms of the tunnel

airstream settlng parameter q:
g = ( 1+2¢)

where € is the blockage factor dependent on model model support a.nd
air hose shapes and volumes and on tunnel test sectlon shape and cross-
sectlonal area; q is the dynamlc pressure of the alrstream 1n the clear

tunnel (no model),

B. Model Configu;-a.tion' Notation

Basic = Qua‘si-tﬁre ‘dimensional model of an ejector-augmented
" jet flap airfoil system. The airfoil system consisted

of a main wing, a flap with the Wingl-flap gap sealed
and set at 6 = 30° for these tests, and a shroud set
at 6 = 32°,  The model incorporeted static pressure
or1f1ces at center span and elliptical end plates with
major axis of 42 inches and minor axis of 20 inches.
Model span between end plates was 36 inches. See
Fig. 2 for model cros_s—seétional detail and static
pressure orifice locatioﬁs and Photo P"ages 4 and 5
for overall views, | ,

Rake = - Thirteen tube total he_ad rake installed on the model ,
by attachment of a streamlined rake support tube YJ'
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. TABLE I{Cont'd)

to the end plates. The rake was installed with thé
total head tubes facing upstream into the region
between the flap and shroud, The rake was adjusted
to place rake orifice number 1 (see Fig, 4) in a plane
with the flap chord and 0. 35 inches downstream of
the flap trailing edge. The 1éadi1‘1g portion of the
total head tubes were flattened such that the height

of the tube opening was 0.04 inch and the tubes were

spaced 0, 20 inches apart. See Fig, 4 and Photo
Page 5.

3
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A. Model Dimensional Dé.ta‘j
Wing & .Fla.p Shroud Ejéctor

b, inches 36,0 36.0 36.0

c, " 24.0 - --

c', " 26.0 -- --

Cpr " 9,28 - -

c, " -- 10.0 -

s
’ " - -

&, 0. 09
Supply hose 1. D., inches - -- 2.37
Plennum I, D, , N _ -- - 2,50
Airfoil Section NACA 65,-218 | NACA 4415 -

B. Reynolds Number vs. Dynamic Pressure of the Airstream

q, b/st? R x107°

©2.25 0. 50
3.0 0.58
5.0 0.75
10.0 1,05

The above table was computed assuming the followmg w1nd tunnel

airstream conditions:

mm Hg. ; and water vapor pressure = 12 mm Hg.

are based on the wing design chord,

C.

Temperature = 32 C; barometric pressure

= 742

The Reynolds numbers

74
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TABLE IIT -

CHORDWISE LOCATION OF STATIC PRESSURE ORIFICES

Main Wing
I?;.i’fi:g Surface X, % c
1 upper 0.388
2 " ©0.625
3 " | 1,110
4 T 2.340
5 L 4,819
6 L 7.311
7 b 9,809
g [ | 14.818
9 : v | 19,835
10 | n | 24,858
Ei on | 29,884
1z o 34,912
13 . L 39.942
14 " 44.972
15 | L | 55.026°
16 7 " " 60.047
o 65.063
18 2 70,073
19 1owe.r. 0,612
20 oo 0.875
21 | ST 1.390
22 t 2.660
23 noo 5.181
24 3 7. 689 ,
25 t © 10.191 |
26 " | 15,182 gj
21 L 20.165 |
28 2 . 25.142
29" 1 30.11%
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Main Wing(cont'd)

TABLE III(Cont'd)

x fe

50

I?;.ifi::l Surface
30 lower 35.088 "
31 " 40,058
32 . I 45,028 -
33 1 54.974
34 1t 59.953
35 " 64,937 |

QOrifice . :

no., m Surface X, 4 cr
36 upper - 13,793
37 i 24,569
38 " 35, 345
39 " 46.121
40 g 56, 897
41 g 67.672
42 1 89,224
43 lower - 13,793
44 L 24,569
45 L 35. 345
46 3 46,121
47 1 56, 897
48 1 67. 672
49 " 78.448

3 89.22¢4

Page 13

5
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Shroud
L | I?oliifi;? -Surface o X, %cs-- '

51 | upper - 1.250 - |

52 g w4 2,500 | :
53 | . oo 5. 000

54- [ =  7.500 7

55 . | " [ 10.000

56 Sl 15,000,

57 [ 1 20 000

58 ? v | 25,000

55 | 30,000 .

60 " 40, 000

61 | " | 50, 000

62 o | 60.000

63 : 70. 000

64 | 80. 000 -

65 L © 90. 000

66 | lower |  1.250

67 . i 1 2,500

68 A 5. 000

69 " - 7. 500

70 Sl 10. 000

71 d 15, 000

72 noo 20. 000

73 [ 25. 000

74 4 30. 000

75 | " I 40.000 | L
76 LS 50. 000 . | '
77 " 60. 000 oAy
78 i 70. 000 ?7{
79 . 90,000 | -
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TABLE IV

TABULATED SURFACE PRESSURE COEFFICIENTS

i
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" UTABULATED PRESSURE COEFFICT ENTS™ T

CRUN 2, Q= 2,25 LRWG/FTSO
_DRIFICE  CP VALUES AT ALPHA ANGLE SETTINGS .
B - T .

1 -1.332 -1,737 =3.541 mfﬁtﬁs?‘

2 -0,9C7 -1.891 -3.618 =—4.29

3 -0.768 -1.8CS  -~3.2890 -3.867

& =1.642 =1.655 2,842 -3.376 o )

5 ﬁhﬂi_xgﬁw@;aiﬁ_:@éwﬁ_wwmgmwmmm e
6 -1.636 -1.358 -1.994 -2,102 -
7 -0.140 -1.313 -1.989 -2.C36 L

8. .0.107_-1.281 -1.861 -1.886 o
9 -1.731 -1.38¢ -1.994 -l.88

10 ~1.788 -1.363 -1.912 -1.88¢
111,921 -1.369 1,912 -1.863
,}znufggxso;wfl;scc_':1.994 ~1.886
13 -2.308 ~1.556 =1.994 -1.938

14 =2,409 -1.586 =2.127 -1.966

15 =2.726  =1.737 -2.215 .*2'046".muuu_ﬂw:':"NWM;M;QM
16 ~2.967 ~1.860 -2.472 -2.195
‘,17 _73993I¢_-2s63*@_73-1iéﬁ;72?I§9mMMMWM;WW.; ¢{;,

18 -7.613 -5.327 -6.245 -5.591
.19 1,000 0,851QW 0.594 _-0.041 ... o
20 _1.000.  0.940 _0.811 _ 0,465 . . I

21_ M¢0t9;3,m”71;0000;“"0t919 . 0.822 _”.”“Q":_;.f; <5?ﬂ?2_”“..”."]

22 0,744 _o.9eomwm1,ooo-mno.970;'ip:m_ I

23 [ 0.6l6  0.851  0.973  1.000

e i et A e o i 1 s



S S

.31

34

NG,

.25 .
26,
27
28
29

L300

32

33

35
36 -11.568

C 3T

.39

.40

41

42

43

44

45

46

0,488

4,456

T2.935

0.283__0.401  0.622
0.257

0.232 _0.340 0,514

0,232 0,311

2 0.411  0.401

0,693  0.700  0.784 _ 0,703

~8.121 <-8.892  -8,345

-8.519  -6.052 =7.057 -6.246

~4.202 ~4,950

-3.031 -3,629 -3.324

24371 =1.609 -1.912 -1,661

-2.339

0.769 . 0,790 . 0.784 _ 0,822

0.744  0.700 0,730 0,791

0. 642 0.641  0.649 0,613

0.616 0.611 0,622 0,584

0.613

0.401 __0.568 _ 0.554 .
0,155 0.251 . 0,487  0.406
0,232 0,251 0,514 _ 0,406 _

0,460 0,435

_0.514  0.465 _

-1.914_ -3.007_-2.303 -

—l.486 . ~1.763 -1.544

. GALCIT . N ) PAGE /7
~ REPORT 926 | |
‘faéuaarsn*@ﬁ535uksfchéeréremrs‘1W' )
RUN 2, Q= 225 LB./FTSO . o
__DRIFICE. P VALUES AT ALPHA ANGLE SETTINGS .
o3 e 9
0,513 0.700  0.838  0.941 -
0.462  _0.550 . _0.784 0.822 B
0,360 0,491  0.703 . 0,703 . R

. 0.550 0,649 - 0.584
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" TABULATED PRESSURE COEFFICIENTS 77

o RUN 2y Q= 2025 LB./FTSQ

_.ORIFICE ~ CP VALUES AT ALPHA ANGLE SETTINGS .

47 0.616 _0.550 __ 0.568 0,554 .

8B 0,616 0,550, 0,568 0,554 . ... ... :

.49 0,539 0,460 . _0.487 . 0,435
.50 0,488 0,430 . 0.460 _0.406 .
_51_-0.672 -0.465 -0.673 -0.837 .
52 -l.611 -l.162 -1.516 -l.530

- ;5%m“€?140ﬁ”mzé-éﬂbw;:?=107._fZ:Qﬁﬁ.WHMW";;_WAH“ e,
5% -2.796_ ~1.80C_ -2.472 -2.378 . e

55 2961 -2.110  -2.616. -2.504 .

56 =2.967 -2.060 -2.61¢ -2.467
Wﬁ?gmzégﬁﬁﬁmw:%¢9¥ﬂwuﬁ?-503mH:?:ﬁﬁlwMM”MM“MMMW;Q, .
.58 -2.701 -1.832 ~2.246 -2.097 ]

59 -2.492 -1.80§ -~2.220 -2.097 -
60 -2.308 -1.158 -1.886 -1.825

61 -1.984 -1.313 -1.547 -1.427 e
62 -1:186 -1.035 -l.321 . -v220 .

L63.1.37C 0,834 1,012 -0.973 >
64 1,091 =0.726 -0.786 -C.842

65 -0.882 '0;514__ﬁ9-°?9m,f0€711
66 -T.R22 -5.551 ~6.127 -5,375 L

67 -11.397 -B.093 =9.159 -8,101 - 4/ |
68 =14.275 -10.189 -11.617 ~10.424 | o

€9 -17.152 ~12.308 -13.981 -12.602
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~ TABULATED PRFSSURE COEFFICIENTS

RUN- 2

__DRIFICE  CP

N 63

s Q@ = 2,25 LBW./FTSO

~pace /A9

VALUES AT ALPHA ANGLE SETTINGS

3

3] - 9

70 -18.192 ~13.033 -14.875 -13.398 ,
71 -18.4B3 -13,220 -15.C19 ~13,50L
72 -16.563 -11.866 ~13.570 -11.838 o
T3 -12,85% -9.068 -10.419 -9.285 .
T4 11,048 -7.792 -8.913 -7.993 | .
15 =8.170 -5.751 -6.636 -5.961 o
. 76 <6054 -4.202 4,847 -4a326
o TT_ 40697 3,208 =3.T11 =3,324
7B -3.956 -2.657_ -3.089 -2.762 o
79 <3106 2,031 -2.446 -2.149 e
. ? Q'
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~ TABULATED PRESSURE CREFFICTENTS

RUN. 3, Q= 3.0 LB./FTSO
_ORIFICE  CP VALUES AT ALPHA ANGLE SEVYTINGS -~
NC. 0 2 6 o

1 -l.012 ~1,732 -3,286 -4.589

271,325 -1.886 -3.358 -4.610 e
_;3"71fﬁ95_:ﬂ1749_-ﬁzeirmrﬁ-19§' I
4 -1.268 -1.556 -2.622 -3.569 R
5 -1.208_-1,375 -2.073_ -2.532
6 -1.208 -1.238 -1.865 -2.265
7 -1.208 -l.222 -1.783 -zaas2
MMM§MM:ls}?9MW:191%§_”t1'7§3; t%ééﬁﬁmw_mm;; e e e e
_ _M~M9wwf}:§§%ww2£??ﬁﬁﬁ_71584?m;315???;;m_w;____ e e e
10 -1.443 -1.260 -1.709 -1.903
M0 =148l -1.257 1772 -1.907

12 -1.617 -1.394 ~1.807 ~-l.979
(13 -1.624 =14455 ~1.886 ~1.997

L l& ~1.712 -1.462 -1.941 -2,056

15 -1.831 -1.528 -1.941 -2.076
16 =1.909 =1.615 =-2.r17 -2.132

A7 -2.3TS =2,051  -2.470 ~2.546
18 -4.349 -3,677  -4.402 -4.364
191,000 0.910_ 0,588 0.097

201,000 -0,982  0.785 0.515

21 0.941 1.000_‘ 71,000 - 0. 861 S ?3
22 0.803 0.83%  o0.981 1,000

23 0.645  0.766  0.823  0.969
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" TABULATED PRESSURE COFFFICIENTS |

RUN 3, Q@ = 3.C0 LR./FTSQ

ORIFICE ~ CP VALUES AT ALPHA ANGLE SETTINGS

24 0,486  0.657  0.804  0.896
25  0.428  0.568  0.706  0.824 . -
26 .10n368 ©0.460  0.588 0,661
27 0.289  0.405.  0.510 0.551
28 0.269  0.369  0.451 0,515 ]
29 0.230 0,333 - 0.412 0,461
.30 0.190  0.315  0.392 0,442 -
310230 0.315. 0392 o0.4a2_
32 0,289 0.369  0.412 0.461
33 0,428 0,460 0,549 0.551 _
L.....3% __ 0,565 0,585  0.588 _ 0.606 .
35 0.664  0.640 0,726 0,733 -
36 -6.523 -5.567 -6.338 -6.296
e 3744765 ~4.069 ~4.627 ~4.665 -
.38 -3.310 -2.801 -3.324 -3.286 .
39 -2.435 2,029 -2.339 2,422 e
s B0 =10539  -1.307  -1.564 -1.520 -
41 -1.151 -0.864 -1.223 . -0.953 N
42 -1.151 ~0.864 -1.147 -l.112 .

43 . 0,744 0.802_ 0,785 _0.824 e
44 0,684 0,766  0.765 0.806 A.,s?;gfuu: o
45  0.645  0.730 . 0.706 0,733 - L

46 0.585 0,585  0.687 0.642
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T TABULATED PHF SSURE CDEFFICTENTS

RUN 3 0 =

NO. 0 3

41 0,526 0,585

48

.48

51 -1.446

00526

50 0,466

52 -2,008

53 -2.435

3B T2e066

.56 -2.688

58 ~2.240

61 ~1.443

.62 _-1.151

54 24709
57 =2.535
59 -2.183

60 T1.791

63 70.955

64 =0.742

S 61 =5.530

. 69

.66

68

.65 =0.564

=7.515

.=3.058

=~9.404

.. 0,477
Rt
~1.802
:52;141
~2.387
m2.362

-2.331

-1.973

=1,238

0,796

- =0.575

 =0.419

—2.51€&

~4.732

-€.539

-8.139

0289

T2.213 -

T1.836

-s1e313

-1.036

VALUES AT ALPHA

6

_0.486  0.477 0,569
| 0549
Ti?523.
-2.187
o ~1.973

-2.830.
—2.882
~2.792
-2.622
-2.308
~24297
fﬁ:@iomm
-1.471
-1.223
:95??9;m
=0.725
-0.552
24752
~5.346

-7.312

<9.755

0. 687

0,628 -

ANGLE SETTINGS

9

0.62¢

0,606

.QQ&SBS

11:73*NW_MHW

_2.698 3

-2.882

-2.681

m2.28C

sl.527

0.551

-2.387
-l.852

-0.956 .

-0.562

'f2-294ﬂ.‘uuw””Lw

-3.020

20 o S

PAGF 22

3,00 LRG/FTSO

“C.749 -

m2.681

-5.328

=te2ts

- - — e . i N —
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RUN 3, Q= 2.00 LR./FTSQ :
_ORIFICE_ CP VALUES ‘” A.L,?.Hf‘ ANGLE SETTINGS .
NO. 03 e e )
. .70 -10.144 . -8.856 =-9,980 -9.866 .
. _ ;71H:i0{35I”.:9-01L"'10-13?;710;QZ4;M¢M_1. mmwm;wn: -
.12 _'9_;__290‘_ —-8.055 =-9.061 -8,995 e |
T3 ~7.106 -6.096  -6.553 _:6,639
T4 -6.074 -5.243 -5.951 -5.902
. T5 —4.459 -3.848 <-4.399 -4.364
76 -3.236 -2.755 =3.151 -3.117 N
77 -2.435 -2.038 -2.311 -2.284 e
T8 -1.969 -1.621° =1.941 -1.841 e
79 -1.482 -1.170 -1.444 -1.375 i
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~ TABULATED PRESSURE CGEFFICiFNTS

_RUN 4y

0 = 5.0 LR./FTSQ

CORIFICE CP VALUES AT ALPHA

NOw O
1 -1.011

LAl m1e295

3. -1.359
LA =1.34T
‘.SMM:1£359;
6 =-l.259
_;7mm71-232
B m1.307
09 =1l.421

.10 -l.452

A1 -1.528

12 -1.582
13 -1.707
14 -1.719

15 ~1.712

16 -1.762

17 -1.892

1% C.958

20 . 0.944

21 0.880

22 0672

7?3 0.5C4

-1.763
~1.980

_l «92 3 .

-1.745

—l.46E

-1.367

-l.qu

~1.311
=1.435
-1.421
fl.GSB

-1.483

~1.532

 -1.545

“1.5?4

~l.648

T2.722

- 0.903

0.802

L3

0.945

N.955

0.69C

-2.120

-1.798

=-1.68125

_10139

fl,?QB‘

-1.796

L7716

w;f23953

6
m3.275
-3.359

-1.787

-1.739

~1.95%6

| 0.587
C.751
€.929

€929

0.780

ANGLE SETTINGS

9.

-4.602

~44181
’3fﬁ57,hw ‘
-2.549
72?251
-2.161
-1.874
f1.983
“1.948
-1.a§c
T1.905
}1.92n
-1.992

~1.840

-1.961
-3.001
,0.151

0.521-

c.888

0.808

.f11?31~Qmwm“mwwum.w

0984

~4oB9B

I:‘)

(s}

Y
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TABULATED PRESSURE COEFFICIENTS

CRUN 4y @ = 5.C0 LB./FTSQ

 DRIFICF  CP VALUES AT ALPHA ANGLE SETTINGS
Nee 03 e 9
24 0.384 0,552 0.683 0.808
e 25 04310 0.474 _ C.611  0.732
26 0.220  0.339  0.445  0.617
21 0.163  0.294 . €394, 0.521
L2 0.089 _£.317  0.348  0.46C
29 0.104  0.268  0.287 _ 0.376 .
30. 0,104 0.226  6.289 0.356_ .
310,104 0.236  0.284 0,365 )
32 0.3.6:8 ‘.0.259 .‘0_.31-3 0.352‘ ~
33 0.362  0.418 - C.407  0.487 ]
e 3% 046 0,509 0.539 0.s69
35 €.608  0.655 £.635 0,662
36 -4.470 -3.844 -4.154 -4.146
o 37_-3.251  ~2.825_ ~3,C87_ -3.087 :

38 ~2.311 -1.945 -2.182 =2.17C
.39 ""1-‘_"3i0 . ‘1:-331 mle524 "1-568 L
40 =C.997 -0.803 -C.987  -0.963
41 -0.647 -0.565 =-C.625 =-C.618.
42 -0.597 -0.623 =-0.735 -0.681
43 0.674 0,699 0,670 0,747
44 0.620 0.655 0,629 0.66?” :;;,,m;___wn o gf'_
45  0.564 0,542  0.539  0.628 - ':_____ 9? |

46 0.492  0.542  0.519  0.569

Ny
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U TABULATED PRESSURE COEFFICIENTS -
RUN %9 €= 5,00 LR./FTSQ i I
DRIF [Q_E o CP _V__M_UF 5 A.‘.‘!, ) ALPH!\_. ANGIC H §FT‘T_ ]_NG_S _
Nee 0 3 6 9 _
4T 0460 0.478  C.534  0.528
48 0,414 C.484  C.491  0.484
49 00414 0.422  0.442 0,473
50 0.402  0.395  0.449  0.450
(51 -2.541 . -2.340 -2.688 -2.766 e
;52_"f§eQ1§. f3f§7Q HT3'969.mi§:}é§_mnw
_53>“{3}255 W72-385;_?3'227J}T3!3§3;Q__.wm.whﬂwmmgw
» 54.n73,50§  ;3.o3e“.53.375. -3.469 ) N
55 -3.421 -3.007 -3.370 73;4é21m
‘:56'_13.173 f2.7éz 43,131 -3.131‘ .
5T =2.969 kfz.séa” fa.aqb _fz,qgf‘- ) B o
58 -2.593 -2.226 -2.519 ~2.46C o
59 =2.306 0 -2.044  -2,304 <-2,245
60 -1.944 -1.T1F -1.956 ~1.R9C .
61 -1.546 =1.336 =-1.522 -1.508 -
62 -1.232 -1.063 -1.186 -1.187 _

63 ~0.919 -0.826 -C.866 -0.95C
64 -0.675 -0.57¢ =-0.623 -0.733

65 =0.505 =-0.386 -0.432 =-0.488

66 -0.794 =0.656 -0.682 =-0.713
67 -2.903 ~2.478 -2.710 =-2.673 - - i???
68 -4.626 ~4.003 =-4.343 -4,307

69 =6.136 -5.349 -5.831 ~5.782



GA
RE

LCIT
PORY ¢ro

i}

TABULATED PRESSURE COEFFICIENTS

RUN 4,

ORIF

NO.
T0

7

72
13

T4

75
76,

17

T8

19

R = 5,00 LB./FTSO

ICE _ CP VALUES AT ALPHA

0
~6.700
~7.01c

<6256
-4.844
~4,120
-3.045

-2.138
~1.527
~1,113

-0.765

3

LAY

-1.821

-1.301

CE

~6.333

-6.619
—5.062

~4.545
=3.865
—2.866
-2.050

~l.452

-1.C%0

~0.695

ANGLE SETTINGS -

 =6.34C
—6.559
-5.83C
_4,491
~3.860
-2.827

 71-9?9m_U”“s

-r.093

fc-?ﬁﬁp

PACE 27

-l.423 '



GA
RE

_RUN 5,
CDRIFICE  CP VALUES AT ALPHA ANcLé,sFTTrNGs
NG

.-.I ,.‘.

‘N

1

e

13

LA

15

18

19

20

21

22

23

LCIY
PCRT 924

TABULATED PRESSURE COEFFICIENTS

0

~0.486

.—0.858
_=0.915

_=0.907

H{Q79§§ ,i-

-1.025

- =1l.182

-1,248
- ~1.307
-1,375
T1.402
=1.338

~1.27¢6

~1.751

0.950

0.765
0.575

0.419

- =0.819 -

=0.982 -

-1.270

C.B88

] -!_.3‘{‘!1

-1.375
. —.10 399
=1.457

Tle45%

-1.356
~1.289
-1.298
~1.753
1.€00

1.013

0e941

04801

_‘-.‘50641

-1.442

~1.375%
L Tl.364
-1.813
C.R26
0.941

0.995

€937

0.771

o =l.473

T1l.583

T1.588

Q = 1C.CC LRL/FTSQ

..~3.807

m3.865

,:3;503

-2.870

=2.159

~L.706

“1.745

qQ .

 ml.944 |

4 -le.823 -

PAGE

Iy

-tevon

=1.655

-l.669

l.644

.719593_..

~l.410

~1.869

. 0.459

.tl-bﬁzl.w.wmw_M 

e s e . e e R M b ke, b e, e ot

D



Ga
kE

OREF

NO..

24

25

26

27
.28

29

TR
32
34
35

36

.37

38

39
40

41

42

43

44

45

46

LCYT
PCRY S0

TABULATED PRESSURE COEFFICTENTS

RUN . 5,

N = 1C.00 LPRL/FTSO

ICE  CP VALUES AT ALEHA ANGLE SETTINGS

0

0.327

0.178

D.120

- 0413C

0.129

=2.091

-1.491

_‘O‘ . 479

-0.312

C.640

0.536

C.271

C.142

0.126

04166
0.351
. 0.480

0.616

-1.106

-0.705

0,702

0.576

3

0.507

04273

0.319

0.265

0.216

Cal92

0.216

D.24C

S T2.722

-1.542
~1.160
-0.736
-0.533

Q0.580

D.524

0.24C

0.415
0.515

0.641

-2.097

G.71C

0.645

Dof)tjfk
C.589
04455

c.3e8

0.777

0.571 -

Ge478

£.695

CCe%26

PAGE £F

c.384 )

0343

,;?!477;
C0.583

0.683 .

~l.257

~0.578

¢.689

0.560

S 0.386

~0.457

0759

L 0.366

=2.154 -

-0.782 | | |

ST T A ot g, o —— . e«



i

GALCTY B | L o CPAGE SO
FEPORT 924, ' B I - '

 TABULATED PRE SSURE CCEFFICIENTS

RUN .'s,_o‘w_;ﬁ.co LR./ETSO
ORIFICE P VALDES AT ALPHA ANGLE SETTINGS
N0 o 3 e 5
4T 04481 0.496  C.0H4  0.531
,,,,, 48 0.44S 0,478 0.485  G.512
49 0.449 _6.597“ €.480 0.§¢7 
50  0.450  0.447  C.466 6,463
51 -3.158 -3.251 -3.340 -3.315
52 -3.239 -3.364 -3.434  -3.398
53 =3.263 -3.325 -3.408 -3.386
54 -3.260 ?3352Q_ f5-394 ‘3r346 
55 -3,158 '~3.g§e'_53.2é2 ~3.244
56 '—?.379” fz.sie_ ~2.971 jz,qég__,;
5T ~2.621 -2.644 -2.661 -2.442
58 =2.189 -2.191 -2.211 -2.140
.59 -1.986 -1.984 =-1.995 =~1,915

80 ml.64l -1.594  -1.5R0 =~1.504

61 <1194 =1.143 =1.C79 -0.911 . .

62 =0.852 -0.704 -0.631 -0.489
63 =0.511 -0.424  =C.412 =-0.407 o -

64 =0.326 -0.33¢ -C.388 -C.356 - 3 _

65 -0.272 -0.30C =-0.37C -0.405

66 0.407  C.386 0.282 C.293
67 -0.954 =-0.965 =-1.CCt -l.007 /03
68 -2.18l ~2.21C =-2.200 =-2.749

69 =3.269 -2.290 -3.371 -3.362




GALCIT - | R A Cpace 5/
REPGRT 926 | |

TABULATED PRESSURE COEFFICTENTS

CRUN 5, 0 = 1C.C0 LBL/FTSQ |
CORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
N0 0 3 T |
LT0 =3.731 -3.753 ~3.824 -3.802
T1 =4.021 ~4,027 -4.099 -4,069
72 =3.568 -3.578 -3,680 ~3.638
73 2,879 -2.89¢ =2.566 -2.94C
A =2.451 =2.467 =2.517 -2.518
75 -1.856 ~1.878 =-1.946 -1.930
6. -1.327 -1.374 —1.617  -1.457
77 ~0.952 -0.997. -1.03% -1.088
78 ~0.697 =0.729° -0.781 fo,Tas

79 =0.345 =0.395 ~-0.454 =0.452

- .




GALeIT . eacE 22
REPORT 92i L | .

TABULATED PRESSURE COEFFYCIENTS

RUN 9, 0 = 2.25 LRB./FTSo
_ORIFTCF - CP VALUES AT“ALPHAVANéyEﬁSEtIINéS
oNo. 0z e 9

L =0.403 -1.079 -1.778 -3.0%5
2 -0.740 -1.293 -1.502  0.113
3 -0.800 -1.233 'f1}7§1 -2.946
4 =0.R50 -1.130 -1.534 -2.490
5 <0.675 -1.056 ~1.290 -1.984
6 ~=0.87C =~0.976 ~1.196 =-1.632
7 -0.RT5  -C.976 <1.175 =1.468
B =0.875 =0.976 =-C.742 -1.379
9 -1.016 -1.004 -1.106 -l.488 -
10 fl.izi ~1.004 ~1.C98 -1,389
11 -1.096 -0.976 =-1.063 ~-1.320
12 -1.121 -0.96C =1.620 ~=1.295
13 ~1.121 =0.990 =-1.059 -1.171

16 -1.096 -0.976 =C.939 -1.186

15 -0.955 -0.827 =~0,717 =~C.863
16 -C.980 ~0.646 ~0.610 <0.670 o
17 -0.378 =-0.338 -0.353 ~0.452 R
18 -C.243 -C,166 -C.250 -C.427 -

.19 0.957  0.957  0.831  0.746 e
20 0.872 0,957  0.95 _ 0.873
21 0.760  0.908 “._1-d00_”m;:000.,.,”Ln;m”mm“w"WHmefglisf_ﬂm“._'

22 0.563  _0.716 0.902 0975 . -

23 0.423 0,595 0.709 0.873 - -




GALCIT o , | | PAGE FF
PEPCRT 9% | L

TABULATED PRESSUPE COEFFICIENTS

CRUN 9, @ = ~2.25 LB./FTSG

 DRIFICE Cﬁ‘VALUESjATVﬁLPHA'ANGLE ssirzwcs“”

 NO. o 3 uw;unﬁmmm.\ 9

24 0.25¢  0.475  0.636 0,772

.25 0.114  0.403 0,539 0,620
26 ,0.029  0.354  0.346 _ 0.493

27 0.029 0.234 0.273 0,417

28 0,001 0,186 0.225 0,366 ]
29 -0.027  0.114 0.177  0.316
30 -0.027  0.114  0.177 0.239
31 0,029 . 0.114  0.177  0.290
32 0.114  0.18  0.225 - 0.290
330114 0234 0.322  0.366
34 0.395  0.403  0.394 0,417
'35  0.563  0.523 0.588 0,746
36 -c.avo..*o,azj ~0.588 fo.sas
37“_-0.459,_-9.422' -0.284 -0.422 ~
38 - -C.378 ~0.315 '-c.zéar -0.348
39 -C.283 . -0.189 _;o.Lscf ~0.268 _
40 ~0.157 -0.087 -0.165 =-0.239 i

41 -0.132 -0.055 -0.076 -0,239 L
42 -0.107 -0.C08 -0.023 -0.154

43 .0.760 076 0.733 o746
44 0.676  0.668  0.709 0.696 /(Q%;,-
45 0.535  0.595  0.588 0,620 I

46, 0.451  0.499  0.515 0,518



_GALCTT | B |  onse 2

UYABULATED PRESSURE CCEFFICTENTS 7 T e

CORUN. 9, Q = 2,25 LB./FTSQ
ORIFICE  CP VAIUES A1 ALPHA ANGLE SETTINGS

NC.. .0 . 'S 9

4T 00,395 0.475  0.467 0,493
48 0.395  0.475 0,467 0442
49 0.254 0,306 0.346 0.290

50 0.114 0,234  0.298  0.239
8L =4.312 -4.03€ -3.729 —4uige

52 ~3.841 -3.543 -3,220 =-3.769

53 -3.454 3,151 '52-856"r73-35?.mm&mm V,m Q;mM,WW__ i
54, ~3.183  -2.858 -2.493 -3;i15‘u' )
55 =3.043 -2.583 -2.415 -2.906 R
.56 -2.817 -2.504 -2.000 -2.222 )

. 57.72.029  -LT1T -1.406 -1.622 L e
KT “1.557 1,233 ~1.055 -1.121 ]
59 =1.231 <0.953  ~0.396 -C.675

60 -0.679 -0.413 -C.314 -C.348 )
61 =0.378 =-0.189 -0.169 -0.343 ]
62 -0.348 -0.194  ~€.263 -0.348

B 63 -0.343 -0.199 -0.306 ,—9,393' . 7

:64 ',9;543 . =0.199 =-0.233 -0.308 )

65 -0.348 -0.19¢ -0.302 -0.338
.86 0.967  0.845  C€.P54. 0,956 _NM;MM

67 0.665 0.677  0.580 G.624 o /0 ?

68 0.724  0.286  ©.255 ;0.158 | | |

69 =0D.243 -0.18C =£.169 -0.239



CALCIT L eaE B
REPORTY 926 ; .

 TABGULATED PRESSURE CCOEFFICTENTS

RUN  ° 9y @ = 2,25 (D./FTSO
ORIFICE  CP VALUES A1 ALPHA ANGLE SETTINGS L
NOo 0 3 e o
70 -0.485 -0.422 ~C.232 -c.452
71 -0.815  -0.725_ -0.567 -0.645 ,
72 -0.719 -0.683 -0.524 -0.541 o
.73”.“025?4..f0‘520 me'QZQ.:fc?eZT“:MMW‘WQ | - -
'm7&ﬂvrq-%ﬁeﬁjﬂceosomj-otsz? S0.338
75 0268 -0.217 0,150 -0,343 _
76, 0223 -0.110 -0-165u_*¢-323";uw o .
| 77..-0.132 -0.058 ~C.C96 -0.248 . —
78 =0.127 -0.087 -0.058 -0.244 -
79 =0.022 -0,05C -0.079 ~0.080

J0¥




GALCfT__
REPORY 924

RUN
ORIFICE €O VALUES AT ALPHA ANGLE SETTINGS

S NO.
1
2.
3

4

1o

o

12

13

W4
15
18
JAT
L

A9

- 20

21

22

23

T TABULATED PRESSURE COEFFICIENTS

-0.626  -1.35¢

~Ce660 ~1.27C

70897 -1.155

0,890 ~1.100

0 ... 3.
=0.307 - 0.035

20533 -1.388

~0.698 _-1.155
-0.698  -1.290
_=0.756 -1,075
W“Qz?3?. =1.022

. =0-893  -1.155

-C.921 -1.0S6

-C.91C" -l.C%6

795555 _=1.02C

~0.807 -C.905

=0.698 -0.617

-€.033 -0.374

—9.136  ~0.222
(0.843 0,943

0. 825 1.000

0.734 0.923
0. 590 0,770

0.445 0,598

=1.979

=1.99¢2

~1.711

,?ltﬁﬁfj

~1.383

-1.142
-1.115

-1.217

-1.162

-1l.162

~l.068

—0.664
—f.431

-€.288

- 0.879

1.000

1.000
0. 879

0.738

6.,.

s2.124

~1.230

10 Q = 3,€0 IR, /FTSO

8

—2.864

=2eb648

-2.292

~1.534

~le445

“1.346

-l.325
o=l.212

=l.19%

-1.123

~0.759 -
,*Qriggi““ _mmm;;“lef

~0.423

0,635

0. 957

1,000

0.828

-2.974

-l.c82

0.850 |

=1.363 -

Tl.mel

PAGF F6E

i‘
}
]




GALCIT | S R PAGE F 7
REPCRT 926 S

TABULATED PRESSURF COEFFICIENTS S

RUN 108y Q = 3,00 LEL./FTSQ
' _ORIFICE ~ CP VALUES Aw-aipﬂa ANGLE SETTINGS
No. 03 s 8

24 0.282 . 0,483 0.617 0,678

25 0.174  0.387  0.516 0,613

26, 0.146  0.292  0.396 0,441 _
27 0.101  0.215 0.274  0.334 ‘
28 0.101 0,196 0.234 0,269 .
29 0.101  0.100 0.174 _0.226 . L
30 0.101 0,100  0.i34 0097 e
S31..0.101 0.148 0174 o140 . -7
32 0146 o0.215 023 o026 .
330155 0,234 0,275 0.200
30 0445 0483 035 oass .

35 0.499  0.579 _0.597 0.635
36 =0.811 -0.971 =0.695 =0,410

37 -0.382 -0.520 -0.454 =-0.316
 3§ ~0.303 -0.374 -0.373 -c.255
39 -0.214 -0.222 -0.268 -0.190
.40 ~0.139  -0.166 -0.160 ~0.183
41 "‘0.07'1. =0.090 _‘-0.122“_7‘—0.183‘
(42..-0.005 -0.069 -0.05 -o.087 .
43 0.8 0.3 oms 068
44 0.654  0.617 0.617  0.592 o //0
45 0,499  0.502 0496 0.463 | e

46 0,427 0.407 . 0.43¢ 0,377

H




G
R

CRUN

ORIF

NC.

47

.48

LA

50

51

52
53
B4 .
.55,
56
8T
.58
59
60
61

62

63

NCES

&6

67

68

F
e

IR
POET

926

 TABULATED PRESSURE COEFEICIENTS

10,

ICE - ¢p

0391

L9.336

1 0.264

~34893

~1.610
~2.288

=1.658
~C.982
=0.249
-0.303
- =0.309
_h0-931m
0.6[‘7

0.218

"0023‘.

R

.0.300

. 0084
-3.049

—2.806

~1.263

-0.362

-0.252

Q .

= 3.0 LR./FTSQ

VALUES AT ALPHA ANGLE SETTINGS

x

-

. 0.234

9.215

L4039

=2.0602

_%2.785“
—2.314
-1.707

=0.923

=0.298

0,387

0.349

“2.963

'1!g7gvm

=0.357

&

0.396

0.355

0,234

0,134

—3 0.025

lfé.¢97m“
=2.036
-1.535
-C.973
fO.&lDJ
-0.122

-0.303

7953s7wme7363w

=0.374 -C.322

Cu875  C.R90

- B.658 0,694

0.268

-0.180 ~C.214

=0.295 -0.309

-0.353 ~0,363

.209

g

0,312

0.269 .

1 0.097

0.054 -

- "3.896
T3.409
s2.97L
R
T2.59¢
-l.sos
:lr%fﬁ.m;
m2.742
~0.410

T0.255 0 .

~0.293

-0.266

~0.314

0314

~0.259

Qr§4ﬁ

. Ce.v728 -
0.255

-0.183

DALY KL

T i n b maa ntn s




—

GALCTT o o A o _ ' PAGE FF
REPORT o5 - : :

TABLLATED PRESSURE COBFFICTENTS

RUN 10, 0 = 12,00 LB./FTSQ
_ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
NO. 0 E I S 9 | |
70 -0.513 -0.471 —C.434 ~0.399
71 -0.763  -0.766 ~0.705 -0.537
72 ~0.670 -0.728 ~0.627 ~0.47)
73 -0.540 -0.642 ~-C.549 -0.386
T4 ~0.447 -0.569 =0.444 -G.255
75 -0.231 -0,298 =C. 309 *0.233
76 -0.139  ~0.187 =0.217 -0.183

AT ~0.877  ~0.06% ~0.143  ~0.108

- 78 ~0.005 ~0.090 ~C.139 ~0.087
79 =0.005 -0.052 -0.048 -0.015




GatoIy : ‘ o ) - . 7 PAGF D
REPGRY 924 o > .

TABULATED PRESSURE COEFFICIENTS

LRUNC M1 0= sacCoLRu/FTSO
 ORIFICF | ce CVALUES AT_ ALPHA ANGLF,-‘ SETT_{NGS

NC. @ 3 e 8.
1 ”_-Q-_._MB_LHI- -0.95._9_'-_.-2,{?2.4 '_—3.12_2_
2.-0.619 -1.217 -2.208 ~3.219
3 -0G.68Y 1,227 t-2.f"f.§ : -2._‘!1.{47_“‘ o

4 ~0.726 ~1.159 - =1.820 42.504_

5.=0.761 -1.048 -1.542 -1.873

6 =0.7T4  =1.005 ~1.407 -1.718

7 -0.82C -1.005 =1.360 -1.620
8. -0.857 -C.oR -liza4 ~1.s23
9 =0.999 -1.097 -1.324 -1.558
10 -1.002 -1.052 =-1.299 -1,463
11 -1.015 =-1.052 =1.750 -1.381
12 -1,050 -1.052 =1.250 =-1.377
13 -1.059 . =1.052 ~1.239 -1,33C
.14 =0.957 -1.005 -1.1A9 -1,233 3
15 -0.875 -0.898 =C.869 -0.918
16 ~0.678 -0.575 =-C.709 -0.743
......................... 17 -0.368 -0.351 -0.476 -0.493 ) ] .

18 -0.186 =-0.174 -C.328 -0,409
19 0.936 1.0CE_ 0.911 _0.648
20 _.0.793  0.955  0.958  O.e4C
21 0.686 0.887  .950 0;944.“_ﬁ_;m%mm_“hmmk//Léf,mv,Mwwm
22 0.518  0.754 ‘,o.és1 0.900 -

.23 0.358  0.57C  0.677  0.78C .



GAMCIT PLGE 4/

REPCRT 92

TABULATED PRESSURE COEFFICIEMTS

RUN .11y Q = s;co LR./FTSO
(ORIFICE  CP VALUFS AT ALPHA ANGLE SETTINGS
NO.. c .3 L
.24 0.256 04461  C.567  0.648
25 0.194 ,0,3?4 D.tbs 0.574
26 0.138  0.269 C.370 0.J486
27 0.076 0.205 0.285 0.380 -

28 0.076 - 0.164 0.211 0.29%

29 0.041  0.151 c.168  0.236 )
30 0.041  0.134  C.l41  C.222
31 0.081  C.151  C.163  0.233
32 0,122 0.164 _€.175  0.233
33 0.197  o0.211  0.211 0.315
34 0,411 0.434  C.433  0.453
35 0.566  0.572  C.554 0.572
36 -L.013  -0.947 ~0.857 -C.546
37 -C.523 _-0.56C =C.581 -C.480 o
38 =0.357 -C.400 =-0.478 -0.420 )
39 -0.252 --0.257',;p.a77 -C.336 ]
40, -0.140 -0.17¢ =0.317 -0.276
41 =0.127 -0.1C7 =0.245 -C.249
42 -0.031 -0.071 -0.133 -0.183

430645 0.517 . 0.677 0.659 .,
44 0.577  0.572  0.579 c.561 //%
45 0.470 0.461  0.4BC  0.466 -

46 0.402  C.387  0.383  C.380



CGALEIT S | , :  paas 42
REPCRT 92¢ o T : . 0

TABULATED PRESSURE COEFFICTENTS

RUN 11y 0 = 5.€0 LP./FTSQ

GRIFICE . CP YALUES AT ALPHA ANGLE SETTINGS

NCw 02 & g
47 0.354  C.376  0.334 0,331 B

48 0,297 0.314  C.285 0,269
49 0.242  0.222  0.197 _q;gzaA
50 0.183 0,175 0.101  0.083
5L ~3.958 3,872 -4.072 -4.043
52 -3.468 -3.371 3,550 -3.472
53  ~-3.083 =~2,982 -3,153 -3,013
54 =2.843 ,f2;760. ~2.892  -2.830
55 _f?.zq7 -2.598 -2.711 =2.557
56 fZ.OﬁZ.V'I.QQQu,fI;B76 -1.716
AT ~1.599 Tlﬁﬁé3-771'235.,"1'd27
58 ~1.096 ~D.8CE =-0.622 -0.482
591_-0.586 ~0.479 =-0.454 -0.431
60 ~0.357 -0,327 €429 =0.431
61 ~0.359 -0.315 =-C.454 =0.431
62 =0.357 -0.353 =0.463 -C.460
63 -0.400. -0.245 ~C.476 ~-0.449
64 -0.503 —0.35L -Q.é&O ~0.480C
(65 =0.365 -0.357 -0.427 -0.620
.66 0.951 1-006”.‘3-97¢‘HJ0r575"M“mwh¢ﬁ‘ et
e o o oS
68  0.242 0.26¢ © 0.211  0.187

69 -C.258° -0.257 ~C.303 =-0.263 - |



GAHLTET 7 7 o - uf,r,:q’jﬁ
REPCRT 926 ' ' '

TABULATED PRF SSURT. CORFETCIENTS

CORUN 11, @ = 5,00 LRG/FTSH -
_HURJFTCE_“‘CP‘VALU#S.ATH“LPHAfﬁﬁGLF SETTINGS ”mm__mm nymm,;"mw.m%"” 
. 0 3 s 9
70 =0.556 ~0.481 -0.512 =0.465
‘71“."0-919.:“0r555 €795  ~0.655 - .
T2 -0.868 ~0.815 -C.T7C ~0.637

73 -0.678 ~C.661 -0.685 -0,540
t4a =0.617 f0-575._f0ﬁﬁc4,w'0;4@9”

75 -0.319 ~0.351 =-0.447 =-0.407

6 =0.195 <-0.246 =~0.303 =0.311
77 -0.138 =0.150 ~C.243 -0.243

78 -0.114 =0.094 =-0.191 =-0.201

79 -0.083 -0.035 ~C.119 -0,159



GALCTT. o L  PAGE e
REPERY 920 o

 TABULATED PRESSURE CUEFFICIENTS

W
RUN 12, Q = 1C.CC LBL/FYSQ

ORIFICE  CP VALUES AY ALPHA ANGLE SETTINGS

NO. 0 3. 6. 9
1 -0,081 -0.933 ~1.749 ~2.839 )
-2 ~0.4%44 ~1,230 -1.972 -2,985 : -
3..m0.540 -1.211 -1,856 -2.706
4 =0.609 -1.17C -1.676 -2,346 ) _
__smmfc-abé.M:ideﬁhp:I-asé__:;.?53__”wwmwmmmwwWMMM@mh.N”M

6 -0.686 -0.971 -1.284 -1.601
7_f@+141mnf1-027_”:1-219_.-1-507“m”;._nmmm;“_um_ﬁwmm“,m_mm;m
8 -0.80) -1.039 -1.158 -1.392
(9. -C.921 <1.126 ~-1.199 -1.344
10 <C.948 ~-1.126 =-1.192 ~1.357 .
11 -0.933 -1.11% -1.138 =1.298 |
12 -0.975 -1.119  C.076 ~1.274
13 -0,999 4;,1z¢wmf1.115_ ~1.238
214 -0.959 q:;?038“ '1;L15”Mf1't67~
15 -0.836 -0.908 -c.790 ~o.est
16 -0.542 -0.628 ~-C.589 -0.673
17 -0.330 -0.386 -C.288 -0.442
18 -0.188 -0.227 -(.274 roeazéwmu.”m_ﬂ.”mmm_;mAwmm“h.mmM
19_‘H0.875 0.978 C.QZSV _D,?lé
24 0.752 Ca97C C.é83 'Q;Bﬂb

21 0.634  0.869 C€.979 0.995 S /Q(;r

22 0.458 0697 0.0843 D918

23 0.326  0.532° 0,689 0.792



- GA
RE

CRUN 12,

ORIF

- NO.

24
25
.26

.28,

.29

30
2
32

34

35

36

38

.39

40

41

42

43
44

45

46

LCTY
PCRT 92¢

VTABULATED PRESSURE CCEFFICIENTS

ICE - CP VALUES AT ALPHA ANGLF SETTINGS

D.236

0.176

04169

0.057

. 0.026

0.08¢C
0.266

0.388

0.555

‘ "1.071

-Q «3 ’.2 )

-0.215
~C.144
~0.059
| 0.639

0.556

0,043

. 0026

0.043

~C.71C

"‘0¢q(fq ‘

0 = 10.00 LR./FTSD

0-327

0.228

0.172

04140

0.116
C.140

- 0.107 -

0.141

- Da.24C

0.438

0.557

~1.134
~0.778
-0.524
f093§ém
~0.268

‘O- 183

-0.086
0.675
0.557

Q.46

C.383

- Ce283
_.Ce248
L.0-184

L L1748

C.:l?ff
0.184

£.200

_Ges6G

C.576

~C.821

0296

=C.27C

~0.216
-0.111
C.688
C.599

C.498

Cotill

.9
.0.646

CeBT2

0.252 L.

Ca215

. 0.7215

G .2‘40

S c.292

0.573

-0 . (’90

_Oalf‘qo‘ .

m0.297

~Celal
C.5687

0.573

0.471

CQe2%2

LQeA56

=C.356 .

PAGF ¥4

B
BCRE XA




REPORT 9u¢ ' ) o : :

 TABULATED PRESSURE COE®FICLENTS

RUN 12' O = _lOuCC- Lﬁ,/FT.SO__
URTF‘IC“E_H_”_CF’ V#_'&LUE_S AT _;M.PHA ANGLE 'SETTINGS_ L
N o a6 g
47 0321 0.339  0.356  0.340
48 0.266  0.29C  0.280  6.268
49 0.201  0.240.  0.208 " 0.210
50 C.134  ©0.136 0.108  0.107
51 -3.765 -3.882 -2.682 -3.765 |
52 -3.283 -3.391 -3.200 -3.256
53 -2.940 -3.006 -2.831 -2.876
54 =2.673 ~2.683 ~2.299 -2.456

55 2,465 - ~2.434 -2.2C4 ~2.151

56 =1.801 =1.702 ~1.488 =-1.405

57 71180 -0.983 -0.696 ~0.599
58 =C.602 -0.486 =-0.361 -0.410 R

59 -D.439 -0.442 -0.418 <0.393 .

60 -0.415 -0.442 -C.395 -0u4l6
61 =0.415 -0.443 -0.418 -0.434 R
62.70.435 0467 -0.442 -0u4e4
63 0,463 ~0.495 -0.465 -0.488 e

,,,,, 64 -0.444 -0.476 -0.460 -0.481

- 65 =D.415 -C.436 ~-0.412 -0.434 S -
660953 1.003  C.966  0.966
67 0.712  0.735 .71 0.702 // 7

68 0.205  0.203  0.203  0.215 ; |

69 =0.330 -0.337 =C.270 -0.257




GALCYT
REPCRT 94

TABULATED

RUN 12
ORIFICE
NG. 0
70 ~0.590
71 -0.801
72 ~0.988
73 ~0.843
T4 -0.716
75 -0.415
76
77

78 -0.15¢6

79

~0.300

—C.186

-0.095 -0.101

B =

_—00622

‘laOLQﬂ
_00942
-C. 878

fGOTQj

~0.408

~-0.312

~0.213

~0.157

T~

CP VALUES AT ALPHA

&

~0.820
-0.809
20.696
“C-blaw
=0.477
=0.347
m0.235
-0.190

L mCe134

PRESSURE COEFFICIENTS

1C.CC LR./FTSQ

ANGLE SETTINGS

0762 .
an?lq
-0f607.“_‘

~0.550

'_fC9451h_;

~0.333 .

m0.213

70e28)

Osl42

PAGE 7




GALCIT o - PAGE £
fEPORT 925

TABULATED PRESSURFE COEFFICIENTS

CRUN 32, Q = 2.25 LB./FTSQ
CORIFICE  CP VALUES A1 ALPHA ANGLE SETTINGS
I -1.101 -2.269 -3.78n ~4.856

=la412  -2,415 =3.870 -4.781

™~

~1.463 -2.291 -3,519 <-4,247

W

4 =1.330 -2.016 ~3.114 =-3.762

5 -1.279 -1.79C -2.435 -2.605

6.-1.284 -1.500 -2.204 -2.438
T -1.206 -1.564 -2.165 -2.226
8 -1.284 -1,510 -2.030 -2.076 e o
9 -L.412 -l.e17 -2.136 -2.221 )
10 -1.261 -1.714 -2,083 ~2.076 )
11 -1.550 -1.c88 -2.059_-2.076 -
12 -1.563 -1.81z -2.165 ~1.974 ]
13 -1.692 -1.812 -2.189 -2.102 e
14 =1.792 -1.875 -2.189 -2.07%6
15 -1.820 -1.892 -2.218 -2.067 R
16 S1.953 -2.140 20435 -2.221 R
17 -2.415 -2.491 -2.815 -2.645 » )

1% .72-937 -3.986 -3.755 -3.ee7
,13__,9Q908 : n-882”_oLé06;m"0-114_’_.“““_mhu_”ﬁwmmhnmunm"<“mmm“_'
20 1,000 ohﬁﬁz.“up,$o§m.”uq,%6§;ﬂm.M;”M'Mwww__w_m/{égfl(_ L

2L 0.977 0,981  0.926 _0.801 | |
22 0,794  0.882 _1.000 0,979

23 0.680  0.857 0,951  0.93¢



CGALCTT . N | - o  pacE A9
REPORT 975 '

TABULATED PRESSURE COEFFICIENTS

RUN 32, @ = 2.25 LR./FTSQD
ORIFICE  CP VALUES A1 ALPHA ANGLE SETTINGS
N 0 3 e g

24 0.588 0,733 - 0.827 0.890

25 0.497 0,634  0.754  0.801

26 0405 0, 560 0. 655 0. 735

2T 0,359 0.485 ° 0.556  0.668

28 0337 0.386  0.507 0.602

29 0.337  0.361 0,482 0, 557

030 0.337  0.361  0.482 0,535
3L 0.337 0.38 0,482 0.535
32 0359 0.411  0.507 o557
33 0.497  0.585 0,581  0.646

3% 0611 0,609  0.680 0.668

35 0.680  0.733  0.729 0,646
236 -l.715 -1.763 -2.03¢ -1,877 . .
37 -1.307 -1.315 -1.457 -1.356 .

38 -0,817 -D.796 .~0.970 -0.849 e e T
.39 04326 '-0.414 =-C.455 -0.421 .
.40 0,109 0.06C  0.032 -0.001

41 0.008  0.105 -0.021 0.087

.42 =0.400 -0.588 -0.807 =-0.372 - . -
L83 0.771  0.783  0.803 0,713 U /&0?—
4 0.703  0.733  0.803 0,779 | o
45 0.565 0. 684 0.729 0,757

46 0,565 0.609 0,729 0,668



oeacit o - . PAGE SO
S (U

~ TABULATED PRESSURE CUEFFICIENTS

e . RUN 32, @ = 2.25 LB.sFTS@ _ )
L ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

e N

470,520 0.585 0,680 0,624

) m_wjawgéﬂww&%amﬁé@mW&ﬁammmmmmmmmemﬁwwMwm
. 49 0.451 . 0,560 0,581 0,557 o

50 0.474  0.485 o.581 o513

21 =1.490 -1.666 -1.972 -1,952

) 52 -2.109 -2.291 -2.546 -2.513
L. .53 -2.622 -2.637 -2.980 =-2.870 .
.. 54 =-2.800 72.837  -3.350 -3.117 S
.55 -2.828" -2.939 -3.374 -3.069 R
56..72.777 -2.837 -3.225 -3.069 <
o 81720594 2,615 -3.032 -2.846
I ‘38 . T2.260  -2.384 =~-2,685 -2,473 e R
- 59 =2,154  -2.389 -2.627 -2.473 e
80 712847 =2.012 -2.206 -le979 o
.6l -1.563 -1.595 -1.784 ~-1.727 e
62 -1.229 -1.315 -1,457 =1.356 N
v 03 71101 -1.045 -l.264 -tel&0 T o
.. ... 6% =-0.830 -0.885_ -1.052 -0.963 o
e85 =0.345. -0.690  -0.744 -0.756 o
________________ 68 12953 -1.94y -2.0%0 -vest [ o
_ (67 -3.904 -3,813 =-4.063 =-3.638 | | .
88 -5.796 -5.038 -5.392 -4.953 -

e e et T U U

(69 =5.897 -5.83¢ -6.284 -5.774



CGALLTT ~ PAGE 5/

e BT e
T TABULATED PRESSURE COEEFICIENTS T e
RUN 32, 0= 2.25tBusFTSQ
.. ORIFICE  CP VALUES A1 ALPHA ANGLE SETTINGS o

oNee 0 3. e 9 i

70 _=6.182  -6.71C ~6€.529 -6.176

—ooJ1 260337 6,187 -6.447 _-5,902 ) )
. 72 -5.448 ~5.362 -5.826 -s.430
73 4,170 -4.088 -4.549 -4.207 o
e T4 34552 -3.467 -2.868 -3,519 . e
05 -2.516 ~2.451 -2.786 -2.623 e
, 7 -1.705 -1.785 -2.011 -l.864 .
H_WHH?IL”:L,aoé_“-I-ZécM:A:ﬁ57"m:}-281mmmmem_“Wk B
T8 -0.844 -0.916 =-0.970 -1.008
L79 0,606 -0.663 =0.705 -0.637
a4



~ GaLcIT .
REPCRT 926

) ) TTABULATED PRESSURE COEFFICTENTS
- _RUN_ 33, Q= 3.C0LB./FTSO

- ORIFICE | CP VALUES AT ALPHA ANGLE

No.

2 12204

. A -1.051
A -1.117

5 =1.029

6 =1.011

1 -1.029

AL o g ¢ a8 st g

~1.484

16 -1.571
17 -1.386

0. 687

.~l.982

=1.104
Lo1.219
o T1.291
.. Tl.310

_=1l.378

-l.434

_T1.484

2870
20,970
.90.970

..0.895

..0.592

3

24095

-1.800

=1l.412

~l.468

“l.40€

~1.560

-1.632

~1l.652

"1.652

41{471m

1,000

0.908

0,760

-2.170

l.61€

-1.42%

~1l.35%56

724059
=3.093
..0.889

0,963

6

. m3.343

~1.668 -1.717 -1,

o3.401

SETTINGS .

. PAGESZ

_.73.098 -4.518 I
m2.681 -3.661 ) e
m1.976 -2.561 . e e
~1.942 -2.291 e
SLnT oeze200
-l.660 -2.035

__T1.754 '2 -028 -

-1.734 -1.970 . e

-1.950 e ‘

~1.848  -1.603 R
"fl.Bﬁl ~1.886 )

“7-1.848 -1.913l o 3

..“J;BQB, -1.913 - |
-1.942 -2.048 e L
-l929 -2.304
-3.343 -3.420

0.587. 0082

0,962
1,000

.0.887

29,737 0, 47¢

0.932 e e e ot e e



,,,,,,,,, GALCIT. el pageST
REPURY 926 o o h o '
N TABULATED PRESSURE COEFFICIENTS ™ ST e e e
e RUN 33, Q@ = 3.C0 LBL/FTSQ e .

. ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

. Na. o 3 6 k4

27 0.290 0,390 0,512 0,573 L
.30 0,196 0 0,335 0.380 0,403
e 31 0.23300.335 0,399 0,441 e
35 0.668_ 0.686 0.718 o0.744 _
. 36 SLl49T ~11616 -1.670 -1.724 o
e 3T 712029 -14152 2m1e206 =1.292

.38 =0.662 -0.76¢ -0.863 -~0.871
.39.-0.326 -0.414 -0.453 -0.567
40 . 0,092 -0.04C -0,050 .~0.128

41 0,039 -C.063  0.024 -0.054

. #2-0.261 ~0.132 -C.222 -0.321
44 0.687  0.723 0,756 0,744 )
45 0,611 0.612  0.831  0.668

46 0.555 0,557 _ 0.606 0,611



. saetr I
T T TABULATED PRE SSUKRE CCEFFinENfS; -
o RN 33,0 s.cote.Ftsa
oo ORIFICE_ CP VALUES AT ALPHA ANGLE SETTINGS
i NO. 0 36 e .
‘- 47 0,536 0:538 0,587 0,573 e
480,498 0,520 0.568 0,573 . e
490,403 _ 0.446  0,530__ 0,517 . _
e 50 0.422 0,409 0,474 _ 0.460_
e 81714802 -10982 -2.191 -2.446
52 -2.238 -2.446 -2.624 -2.787
e 53 =2.518 -2.725_ -2.9R% -3a11
i D% 220692 =2,945  -3,155 -3, 259 e ) .
.55 =2.605 -2.905 -3.078 .-3.279
56 =2.079 -2.761 -2.984 -3.053
_ _m;ﬁl_4733?25;mt?z5?5”mf29651_Efzt?azlnuu e )
58 ~2.110 -2.298 -2.433 -2.564 e
59 -1,992 -2.095 -2.191 -2.291 e
i 80, 12658 =1.780 -1.868 -1.950
81 -1.325 -1.392 -1.525 -1.613 e )
62 -1,098 _-1.189 -1.243 -1.289 e
e .63 -0.839 -0.989 -0.941 -1,016 et o
o 64 ~0.662 =0,766 -0.732 -0.513 e m
.85 =0.4T5  -0.526 -0.544 =0.253

.. 87,

GALCIT

68

69

. ~24309

~3.430

..66 _~0.836 =-0.8T74

"’106?8




REPORT G204 ) ‘ :

" TABULATED PRESSURE COEFFICIENTS

. _RUN 33, Q= 3.C0 LB./FTSO o o
. ORIEICE _ CP VALUES AT ALPHA ANGLE SETTINGS
10 -4.707 ~4,62¢ 4,798 -s.125 .
7L =64729 -4,780 _-4.819 -5.108 » B
cmme e T4 S2.518 2,778 -2.849 -2,039
e 76510325 -1,392 -1.6C9 o115
e T1=0,905_ -0.949 -1.055 -1.056
e T8 =04640 -0.590 _~0.712 _-0.719 .
e 79 02397 -0.414 -0.433_ -0.469 ) e
e
|



~ GALCIT

"REPORT 926

3 - " TABULATED PRESSURE COEFFICTENTS
ce ... RUN_ 34, Q = 5.00 LB./FTSQ

e JORIFICE  CP VALUES AT ALPHA

ANGLE SETTINGS

PAGE 5&

oo Nee ez e 9
N L0.810 -1.888 -3.136 -4.e06
e 2714098 =2.134 3,192 -4.637 e
i3 =1a112 2,044 _-2.998 -4.239 o
A tLa2 -1.779 -2.486 -3.526
Dw“mw“w“Mwm;ﬂﬁwm;1x9§am%:;:ﬁﬁﬁmwzxz?iﬁnmiag§géwn_MHWM;_ B e
8724039 =1.381 1,779 -2.342 .
T 1e043 cli4T slieme 2233
ce e 8 210082 12428 -l.621 -z.068
% Sle226 sL523 sveer -zeote
w10 -le256¢ -l.S62 -l.e81 2,004
cicrem AL 10285 =14522  ~1.650 1,980 e
. A2 o1.356 S1.619. -1.687 -1.9e7
e A3 200416 ~1.665 -1.734 -1.967 e
e AR 10885 14677 1,734 ~1.965 — e
B ;Liwwtl:ﬁ%?w;:l-ﬁig_h*lzﬁ?3mwrE:ﬁ?ﬁ.mmmwwmw R
e 16 71.637 ~1,65C -1.642 -1.833 e
1T _=1.639 -1.759 -1.794 -2.001 e m
8. -2.326 -2.545 -2.526 -3084
19 0.973 0.845  0.667 o0.147 1
2004912 0,913 0.832  0.487 ,1{62;5Zf o
e 2L 04843 0.951  0.936 o.e42
.22 0.683 0.809  0.936 0,915 )
.23 0.51  0.636  0.797  0.p53 _ e




_GALCIY
REPQORT 926

RUN
.. ORIFICE
NO..

24

37

38

a9

.25

26
27
e 28
" S
30
e 31
] .32
_.33
- . )
.35
.36

TABULATED PRESSURE COEEFICIENTS &~~~

34,

.0

. Det4s

02379
0.276

0,237

- 0.181

0.175 .

04175

0219
- 0.237
0424

0.503

L0641

=1.627

—l.157

-0.891

40

41

A2

A

e

kiggaiﬂmm

~0.204

~Q.166

0.663

0.604

. |
L LebT)

-291§9Q_h

Q=

3

. D511

0.465

Ca363

- 0.266

0.509

0.244

Oeler
0.231
- 0.204
. B.405
—l.75¢

-1.312

TQ{I?@H

~0.23¢6

O - 6 Iq N

LTlet46  -1.829

~0.962

..~0.751 ~0.808

70.292

_ 0e246

0619

=1.035 ~1.093

P.299

. G.309

€.710

0.624

359

'5.C0 LB./FTSQ

CP VALUES AT ALPHA ANGLE SETYINGS

6 9%

Cat?

0.346

C.798

D710

0.415

D.364
C.353

0353 .

0.447 0,477

0.614  0.655

0,430 -£.433 -0.510

=D.277

A3 0.695  0.636

0.517

0.509

0.542

T1.276  =1.395

0.555

Db

0.698 0,723

0-640  0.674

-0.279 . _

0.575  C.591

4604505 0.502  ©.554 0,555

Zgaggﬁ_mh“mmmwm“

_PAGE 57

i
i
- o




55 -3.080 -2.968

48 D495 | 0.469
AN

.50

CGALCIY '
REPORT 926

 TABULATED PRESSURE COERFICIENTS ™7

VWRUN 34, 0 =

47

0.460 0,405
51 _-2.531 -2.839
52 -2.803 -3.262
53

5% ..73.078  -3.029

56 ~2.835 -2.887

e 5T =2.460 2,733
_ 58 -2.166 -2.368
e P9 14943 -2,128
) 60  =1.639 ~1,771
.81 =1.250 -1.423
. 62 -0.991 -1.066

.85

88 71935 ~2.468
i 03 732240 =3,235

64 70.401  -0.547
.70+284  -0.315
-.0+055  -0.061

71.333 -1.433

0538 0.468

0.460  0.409

-2.947 -3,1331

0.691 -0.B12

_2+L0 LB./FTSQ

o ORIFICE | CP VALUES AT ALPHA

0.461

_~3.192

~3.237

=24340

=1.787

T0.741

PAGE 5&

~0.336 -0,
0,007 0
~1.368 -1,
~2.390 -

ANGLE SETTINGS o
6 9 e
9:55?mﬂm91§33 i . . .
04509 0.506
0,483
G_.__‘t(_’nér 0.468 i i
-2.902 3,329 o i
~3.390 ] .
-3.245 -3.520
=3.342  -3.607 e
~3.274  -3.509 . e
-3.329 _ o
~2.756  -3.022 . e
~2+514 - I L
m2.141 -2.278 IR )
-i.882 s
-1.276 -1.474 . o
1,039 -1.140 ] _
-0.761 _
-0.505 =~0.510 o - e

A o i M v vt e 1




_ GALCIT
REPORY 926

 TABULATED PRESSURE COEFFICTENTS
RUN_ 34, 0 = 5.00 LB./FTSQ

LORIFICE CP VALUES AT ALPHA ANGLE SETTINGS

70 =3:285 -3.463 -3.451 -3.629 ,
con TV 232485 30671 -3.611_-3.786 e
.72 -3.082 -3.275 -3.247 3,461
T3 -2.610 -2.758 -2.71% -3.185 .
T4 S2.08 20312 2,246 -2,372
75 -1.605 -1.759 -1.736 -1.833 )
.76 <1181 -1.314  <1.319 -1.427
3 _uzliﬂtO-sazww:0-962“_:9-969%“r1,pé1_mmumNm,ﬂm_MQWMH, i
. T8 -0,585 -0.735 -0.698 -0.793 e
79 -0.247 -0.386 -0.361 -0.457 L




S GaLcry .. PAGF&O
REPORY 926 ' o

T RBIUATES PR SSURE COBRFETERTS e mrmmmm e ereeeoee
. CRUN. 35,0 = 1€.€0 LB./FTSO

-ORIFICE _ _CP _VALUES AT ALPHA ANGLE SETTINGS :

M8 O3 s 9 e . e
............ 1 -0.574 -1.550 -2.430 -3.004 o
e 2.0 0889 -1.684  -2.644 -3.926 .

3 _0.945 -1.634 -2.441 -3.,585 . e
Ll %.70.969 -1.555 -2.070 -2.935
.MN_MWMMMNMw;émmzpigégmm:;;Aig_mzlxﬁﬁé;w:§:;9@mWWMMMWMH S
e 6702991 ~l.265 -1.560 -z.o13
_________________ 771036 -1.257 -1.486 -1.880 . N
oo 8216070 =1.216  =1.485  -1,759 S N
e 9714234 -1.532 -1.531 -1.783 e _

10 ~1.285 ~1.509 -1,493 -1.741
W11 =1.296 0 -1.526  ~1.479 -1.688
-.12 =1.372 -1.503 -1.503 ~1.682

13 -1.617 -1.509 =1,527 -1.700

14 =1.501 ~1.505 =1.532 -~-1.682

13 71.383 -1.406 -1.461 ~-1.528

16 =1.345 -1.283 -1.346 ~1,458

e AT 710352 ~1.288  -1.456  -1.434 e e e .-
e WA 210727 -1.685  -1.7C5 ~1.794 o

19 _0.947  .0.960 0,822 0.469

_wm_ﬂmhmm“aqmmﬁqzﬂﬁlw“oa9équu,c-949.v95725wmwwmmmu;wmmnMW/ZQE{

2L 0,735 | 0.936  C.97)1  0.923

22 0.56C _0.783_ 0.9C6  0.959

oo B3 00392 0464C 0,780  0.871 : e e o e




_ .. .Sacrr e PAGE 67
REPORT 924 _
o  TABULATED PRESSURE COEFFICIENTS = " == B
“ocmoo RUNC 3500 = 2C.cOLBu/FTSQ
oo ORIEICE  CPOVALUES AT ALPHA ANGLE SETTINGS
Nl 6 3. 6 e i e
e 2% 04303 0,519 0.658 Q76 I
oo o3 Qe 244 _.Qu-.’.'ég_,;_r,.(}..-.._S 61 0.693 S S .
eeeo26. 04151 0.341. C.46l  ouss2 e
o 2T 04104  0.246 0.374  0.480 N
8. 02097 0.266_ 0.329  0u427
e 290.085 0 0.210 0,293 0.391 e
30704073 0,210 0,293 0.363 e )
3. 0086 0,229 0.288 0.342 )
come 32 04127 0,234 0.295  0.362 e
mlmﬂmﬁdﬂQﬁﬂﬁmﬁﬁ@mﬁﬁ%m_ SR .
o34 02460 0.514  0.548 o552
; .35 0.590  0.644 0.664  0.688 ) o )
36 -l.426 -1.532 -1.358 -1.405 _
e AT SLe119 510062 -1.068 -1a44
.38 _=0.890 -0.860 ~0.876 -0.955
k _ﬁe_;fcyrten.:9g9§7;m:91q19 =0.782
A0 .Z0.461 -0.467 -0.489 -0.547 ‘
A«zm“e0-34¢_“-5-318m_79f372._:0-441. o ]
42 -0,216 -0.218  =-0.280 =-0.376
e 4304688 04733 0.740 0753 _
' G4 0.634 0.668 . 0.683 0,693_““
| 45 0.559 0.591 0._589. '0._6117' _
460,498 0.549 0,553  o.sel A ‘

| re— e e e e e e e e




CGALCIT

CUREPQORT ©f e

TTTABULATED PRE SSURE COERFIF 1ENTS T S
coweee ORIFICE _ CP VALUES AY ALPHA ANGLE SETTINGS
e %9 0.422  0.432 0,478 _0.483
.53 -3.444 -3.382 -3.368 -3.477 e
e 8%_=3.319 -3.323 -3.293 -3.4ze .
53 _-3,269 -3.233 -3.194 -3.205
A .56 Z2.962 -2.914 -2.881 -2,928
e 81224658 -2.562  -2.518 -2.55y .
.58 =2.160 -2.122 -2.047_~-2.057 e
.59 71,952 -1.895 -1.838 ~-1.824 N )
R .A_H,,,,f.’Q._..:.%.'.«'?..59_....71'.’.*3..3‘.,.'_.'!-3"-,6...,._.Z..P..-Z.Qz.._-s....aN,...;.-..y...w_.__.‘_._._.._-.m. e e
e 81 TL126 -0.943 -0.760 -0.el2
e 82 =048674 - =0.530 ~-0.442 -0.478
e 03709428 -04367  -0.442 -0,5CF . . N
- . 6% -=0.370 "703401m;:0e43?"m201535¥whmm_MV L L
. 65 0,346 -0.383 -0.437 -0.517 i}
. .66 04675  0.706  C.688 0.676
B 67 “,99_35_3 7-0.319_ ~.349 —0.346
68 f,1°247., —1,205 ~1.195 —1.270 |
69 -1.907 -1.86¢ -1.868 -1,965 ]




GALCTT .. _PaE67
REPCRT 926 o o '

o ”“rAEULAfED"PnESSURE'CUEFF1CIE&fS"f""' )
RUN_ 35, @ = 10.€O LR.sFTSQ .
. _ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
.10 -2.161 -2.115 -2.100 =-2.185 _—
el TL_=2.390 -2.3&7 -2.349 =2.426
T4 mle604 -1.622 -1.590 -1,635
.75 m1,273 -1.254 -1.236 -1.303
. 76 -0.963 _-0.956 =-0.975 -1.020 N v
e TT204724 =0.735 _-0.743_-=0.795 N
.. 78 =0,549 -0.569 -0.610 -0.666 e
79_-0.328 -0,342 -0.390 -0.447 -



_.1..-0.344 -1.223 -2.361 -3.258

e

12

LB

13

17

.29
- .2 l‘ .
22

S N

GALEIT -
REPORT 976

 TABULATED PRESSURE COEFFICIENTS ™ & ™

RUN 36, Q =

NG, 0 3

2. 04625 -1.451  -2,470 -3.398

6.

.3..70.757  -1.405 -2.246 -3,034

.2...20+807 -1.218 -1.B22 ~2,156

.6 70.884 ~1.195 -1.647 -1.877
1. =0.856 -1.163 ~1.463 -1.762

.8 70.856 -1.088 ~-1.458 -1,488

11

14
..20.829 -0.72¢

-0.448

.-0.892
..0.785  0.949
00,596

.0.381

-0.403

19 1,000 1,000

1,000

0.822

A 70757 -1.302 -2.051 =2.525

.9 ~0.588 -1.223 -1.488 -1,687

<1060 -1.195 -1.343 -1.373

=0.829 -1.028 =-C.949 -0.914

—0.759

0.966

1.000

0.619 0,752

.0.590

0,895
0.966

225 WB./FTSQ

- ORIFICE CP _VALUES AT ALPHA ANGLE SETTINGS

_PAGE 6

~0.911 -1.219 -1.428 -1.597

=0.983 -1.163 -1.373 ~1.488

~1.033 -1.116  -1.343 -1.318

-0.983  -1.116 -1.203 =1.318 -

.18 -0.349 -0.329 -C.420 -0.475

d.o00

0.880. ...

1,000 .

0.836 . ..

R
_Z0.729

L.viz o



CaLcry | e PAGE 65~
REPORT 926 '

" TABULATED PRESSURE COEFFICTENTS

RUN 36, 0 = 2,35 LR./FTSO -

. ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

24 0.301  0.518 0.612 0,760
250,247  _0-39zu‘mm9.5$5"__gzzéa_HWWk R I
260,112 0.290  0.466 0.520 -
270,112 0.239 _ 0.395 0,473 ,
ﬁ 28 0112 .. 0,214 0324 0.3z
) 290,112 0.113 0,300 Lo.352
e 30 00112 0.113 0,252 0,328 -
31012 0,188 _0.300 _0.328 R
33 0.274 0315 0.395 _o0.449
e 3% 0462 0.467. 0,490 0,449 N
3% 0,623 _0.619  0.657 _o0.640
.36 0.757 -0.87S -0.734 -0.475
- 31 70+ 448 20,594 -0.590 -0.390 S
e 3B 0349 20,441 0,475 -C.360
_u“§9wmrpa?1?mAfQ:Eﬁéwm:£139§ulf9:§3¢mhw_mf_w“%“"__ _ S
e 80700167 =04143  -0,276 -C.310 R
o2l 200118 -0.101  ~0.196 -0.306 S
42 <0.0T7 -0.063 -0.1% ~-0ul96

43 0.731 0,671 0,752 0.712

v & 0,650 0,619 0,704 0,689 __.“1WMUAW_W.JZ¥ES;ST B

45 0.515 0,544 0,585 0,640

460,435 .0.467_  0.514 0,592



. GALCIT _PAGE 66
REPORT S:oo .
T ' TABULAT&D'PRESSURE"CQE#EICtENTS"”"W””'“ T m——
. RUN_ 36, Q= 2.25tBu/FTSQ_
-MQ?IFlﬁfmmmﬁP.VﬁLUﬁﬁmﬁiwﬁE?ﬂ“.#NﬁkﬁmﬁﬁlfPNﬁsu”_
el 8T 0,409 0,392 . 0,443 0,544
o 48 0,381 0,341 0,347 0,376
i - 490,301  0.265 _ 0.347  0.328 e
o 50 0.247 0,113 0,252 0,16l ) e o
e SL_=4.301 4,474 -4,860 S L
.52 =3.885 -3.952 -4.356 ~4.131 e

— .55 =2.900

. 56 m2.411

TR A A T3 16 L
} 58 -1.418
- .59 -1.033

o

e B 00T33  0.929  0.952  0.767

.. 67

.33

54

.62

.68

—3.308

=0.408

- 0a345

=-3.055

A..k‘.TQ-‘_.'?'f*.aA...,

. =0.448

. =De448
C.m0.421

vMIQ:gﬁsqm

3,445
=3.245
"3.049
2457
T1.857
Tl.326
~l.088
D566
-0.459
70455 -Ce425 -

=0.483

0.449

‘:%-5i3“wW

72F356”.

-1.737 -

04425 -

70,458

=3.767 -
-1.203 -

-0.789 -

-0.415 =0.

=0e475  _=0.585

-C.560 ~0.530

-0.473 _-C.445 -0,525

C.626 C.826 0.787
0.393

.69 _=0.195 -0.012 -0.021

it R 2 —
~3.059 e
—2.161 - e
-1l.463 e et e e
-0.899 S e
~0.645 e
0.475 S
-0.500 . - ] ]
~0.475 . ]
/39
e =
0?32
C.448 = e
Q034 o




o GAaLcIT -
REPORT 926

TABULATED bnﬁssu’n’s"éo,éi:F'ICIENfé' T
RUN 3640 = 2025 LR./FTSO
| MMWQRJFIQE"“;CP‘YALUE§AFHALPHAM@NQPEHSETTING§_mm,ﬁ”mmmm. o
N o3 6 9. o e
700,353 -0.194_ -0.166 -0.196 ~ R
o 7L Z0.507 ~0.594 -C.590 -0.340C . . e
T2 -0.526. ~0.590 -C.590 -0.540
e T3 Z0.448 0,487 -0.445 -Q.475
... T4 _~0.349 -0.459 -0.420 -0.360 .
75 .=0.299 -0.376 -0.415 -0.330 N
76 =0.217 -0,329 -0.415 -0.221
77_.<0.190 -0.133 -0.196_ -0.186_ _
78 =-0.118 -~0.143 -0.156 -0.221 e
.79 -0.050 -0.012 -0.051 -0.166 e
e _y__/ya




GALCIT. -

N

~ REPORT 92¢ i : B
1 =04314 -0.996 =-2.093 =-2.794 . e
370,698 -1.224 -2.154 -2.312 e

370732 -1,049 -1.725  -1.783 SR
& 70.756  -0.956 -l.542 -1.549°

.7 _20.742 0.085 -1‘30212482 o

B =D.810_-0.917 -1.322 ~-1.311 i

9 04926 -0.956 -1.462 -1.378°
£ 10 -0.926  -0.996 -1.362 -1.311 )

11 =0.946 ~0.996 -1.362 -1.275 .

12 -0.263 -1.C79  -1.322 -1.218 o )

13 -0.889 -1.049 -1.322 -1.141 .

14 -0.889 -0.97¢ -1.239 -1.c84 e
(15 <0.793 -0.828 -.933 -0.783
16 -0.732_-0.568 -c.774 -o.s35 .
S17..70.331  -0.400 -0.569 -0.481 e et e

18 -0.314 -0.271 -0.468 -0.388
19 0.951. . 0.954 _ 0.860_ 0,713 e

21
22

.23

20

0.874.
- 0.739

1.000 ..
0.818

0.293

1,000

0.721

0.940 .

0.960 .

0,877

1.000




.35

.36 =0.793

AT

GAaLerr’

34

.38 ~0.314

Lo %300.700

.39

.

=0.276
40
41
42 -0,045

44
J

L46

L0507

0,623

_:Qzﬁﬁim_

=0.181

-0.100

0,468

0,479
...0.660
-0.736
=0.54€
~=C.3Cs8
=04.215
=0.139
“OSQBTM
-0.067
20,728

0,705 _
,OxﬁLS;ﬂ

0,501

_=C.670

. ~C.486

~0.392

WIOPROQ

-0.742

.0,622

~-.0.443 0,

0.403

.0.523

.:giﬁgl"

_':-_G_.. 3 3 8 -

=0.206

0,582

=0.331

_~0.180

-0.467

T0-388
—0.294

~0.294

0.652

0471

=8.237

LA

i  REPORT 9256 A )
- ”fTAHULﬁTEo'PRESSURE'tﬂEFFICfENfé‘”“““”“”” B o
,,,,,,,,,,,, RUN 37y @ = 3.0 tBu/FTSO
- DRIFICE _CP VALUFS AY ALPHA ANGLE SETTINGS =
L . B T
‘Maﬁm_"9-27§._“mp-4?9__”9;56%"_npl?l%_”_“‘_wwmmvﬂ“_"“mmm““-ﬁ S
o 250,198 0,434 0.463 0,10
260159 0.275  0.343 o549 .
270198 0,208  0.264 0427 ) ]
e 8. 0.178 0162 __0.244 0,305 I )
—ee 290,101 0,094 _0.205 0.284 o
.30 0,101 0,094 _ 0.184 0.243 ) e o
e 3L 0,217 0,162 0,205 . 0,305 S
320,217 0,185 _0.224  0.305 e u
- 330,256 0.253 0.284 0366




GALCIT

B REPCRT 926 T ) — R
§ _RUN 37, Q= 3.C0 LB./FTSQ B
oo oa L ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS =~~~

. .NC, 0 3 9

0.410

47 0.434 0.403  0.427

i 48 0.39). 0,343 0 0.383...0.366 ...

49

Pl . Zhe1Bl -4,061 -4.467

=4.04¢6

52 ~3.704  =3.504 =-3.775 =-3,403

53 -3.17¢ -3.115 -3.311

L..0%  =3.014 -2.875 -3,148 -2.878

55 -2.817 -2.763 -2.965

586 -2,21) =2.071 -2.071 -1.646

57.71.691  -1.517 -1.462 -1.084

.38 -il.212 -0.924 -0.832

59 -0.810 -0.568 -0.591 -0.481
e B0, 704389 ~0.380 0,475  ~0.445 — .
o .6t -0.382 =-0.380 -0.526 -0.438 . i
L. .62 -0.331 -0.364 -0.551 -0.381
o 83 =0.409  -0.383  -0.547 -0.481
... 8% =-0.389 -0.380 -0.468 ~0.481
65 ~0.385 =0,403 -0,472 -0.461 e
e 86 _0.812  0.843  0.894 0,817 _ mjffgié{mmmﬁ
67 0.700 0.767 0.m32 o0.781 .
68 0.349 0,414 0.465  0.443 . ) N
. 69 -0.018  0.025  C.000  0.084

_0.294 0.32)  0.284 0.324

.53....0.236  0.253  0.224 0.202

—2.386

T0.632

s v 2 102 e




. GALCIT
REPCRT 927

PAGE a4

- TABULATED PRESSURE COEFFICTENTS ™ =~ =7 " s o o
SRUNL3Te 0= B.COURu/FTSQ
o ORIEACE . CP VALUES AT ALPHA ANGLE SETTINGS
MO0 36 9
e 70702181 -0.179  -0.162 _-0.160 e
we-l1nCe599 | =0.472 -0.468 -0u498
72 -0.562 .-0.551 -0.569 0,011 _ o

73 -0.542  -0.456  -D,468 -0.401
74704355 -0.413 -0.464 -0.361

75..70.331 -0.288 -0.407 =~0.314 -

76 -0.256 -0.219 -0.346 -0.294 e

~TT.20:181 -0.083 -0.184 =0.294_ .
e 780702103 504047 -0.162 -0237

(79 -0.083_ -0.05C =0.101 ~0.160 e




GALCTT

gaerT o e -~
o “"““'“TEEULKTED”ERESSGRE cnsfrftYENTS oo N

N o RUN 38y Q@ = 5.C0 LR./FTSQ IS e

oo ORIEICE | CP VALUES AT ALPHA ANGLE SETTINGS

. I T S
wm__-L__*“M;Adh:gzzﬁﬁmm:;,Q5é““:§;993_“:1;1£?mm_mm_Mm_qm“_ _m
e 2 200851 =10327 -2.217 =3.255
3704595 _=1.24€ -2.075 -2.943 e _
e B 704654 -1,185 - 1.786 -2.506 . . e

2 "0.9.‘_9‘?.?,‘v__:‘_}.:.,’:}._?__.:Z}_::.?.,R?M,.ﬂ.,:879w- - . . _

670699 =1.066 -1.413 -1.707 - _

_1.20.746 -1.018 -1.azz -1.see u
LB S0.TT5 slole -l.zoy -1.sos ] .
e 3 Z00882  -1.106 -1.285 ~i.518 e

e 10202904 o1.079 -1.239 o123 )
e AL 20,914 -1.066 -1.188 -1,372 e

12 -0.939 -1.066 -1.177 -1.319 B o

13 70,932 -1.086 -1.143 -1.270 e

e 1% 704882 ~1,056 ~1,082 -1.182

it 13202790 -0.388  -0,829 -0.845

i 16 70,573 -0.601 ~0,664 -0.646

e o e ¢

A7 20.343 -0.435 -0.450 -0.em1 e
e 18700262 20,325 -0.354 -0.347 o
e 1904902 0.945  0.877  0.725 o

20 __0.B11  0.985

L UL S o

21 0.709

C.983__0.876

€.900 | 0.936  0.958

22 0.526  0.71C C-838  0.765
w23 04388 0.532 0,709  0.831

s



G4
RE

LCIT .
PCRT 924

TABULATED PRESSURE COEFFICIENTS

RUN 38, @ =

5.CC LB./FYSO

 PAGE /F

. ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

Lo NG

.. 29

40 -0.

24

.25 .
26
2T

28

30
31
.32 o,
33 o,

A

36
3T 70

38 -c.

38 _ -

0.297

.81 -0,

L 42 -0,

. o —

0,225_;
0.146
0.089
0.075
0.087

C.057

3

O.411

.0e352 0,
.0.244 0,
0.185

0138 0.1

.C+100

o 0.123
o121
o .0.149
.'éf¥§5_i;m
. Ds542 0

T0.B14

-0.435
-C.298
o0.22C
.~Cal4g
. =0.029

.. Ce638

0.549

C.46C

. 0.398

0.625

0.172

. =C.496  -0.396

_~0.282  -0.247

=C.138

04637

- P

0.535

0.425

_0.136
..8.170
0136
€.229 _0.326
0,408 0,464

~Ce689

~C.244

~Ce121

C.397

(D481

0.707

Q.41

04340

0.298

0.264

0.264 .

_0.264

L 0592

~0.571

_.=0.673  -0.604 -0.471

-0.352 ~0.318

LBe707

. D.501 -

m0.236

*

0.614

Oe439 L

S A

SR o e Rt b, ot 1 A4 — .

e ————— e = p— "



o GaLcIT
" REPGRT 926

“TABULATED PRE SSURE COEFFICIENTS
e . ORIFICE - CP VALUES AT ALPHA ANGLE SETTINGS
4T 0,329 _0.352 _0.207 0.362
49 0,215 _ 0.244 _ €.195  0.227
.50 0,152 . 0.185 0.123  0.140 e
52 <3.344 -3.475 -3,437 -3.520
53 -2.974 -3.058 =3.006_-3.104
.54 =2.73¢ -2.831 -2.766_ -2.668
85 -2.541 -2.546 -2.325 -2.170
56 -1.832 -1.735 <-1.559 -1.456 .
o 5T._-1.286 -1.102_-0.A10_-Cebh6
58 =0.658 -0.529 ~=0.445 =-0.471 _
59 =0.437 -C,4h6 =0.426 =0.458 -
e 89 =0,368 0,400 -0.426 -0.422 .
81 0,402 -C.383 -0.437 -0.440 ~
o 62 =0.390  -0,433 -0.486 =0.471 .
e 63 =0.425 ~0.423 -C.4B6 =0.509 .
o 64_=0.402 -0.425 -0.486 -0.509 :
_ 65 _-C.410 -0.423 -0.447 -0.458 .
67 0,754 0.841 . C,83C 0,889 e
. 6B 0.388  0.401  0.423  0.477 o
. 69 -0.002 -0.012 -~ 0.017 0,078 _ . R

__PAGE 74




GALCIT

) REPORY 926
o TABULATED PRE SSURE CGEFF:CIENfS'“’i‘”““”"""'“”””"“"
RUN 38, Q = 5.C0 LB./FTSO ) )
_ ORIFICE - CP VALUES AT AIPHA ANGLE SETTINGS
] 70 -0.230 -0.232 -0.197 f0-121: ”m
71 -0.504 -0.537 -0.496 -0.420
12 =0.595 -C.613 -0.556 -0.471
T3 -0.551 -0.575 -0.545 0,471
T4 -0.490 -0.507 =0.496 -0.422 L
15 -0.28Q -0.374  *¢-3?°, -0.347
76, 0,274 -0.275 —6-3}05 -0.296 i i
77 -0.091 -0,135 =-0.246 -0.23 -
78 -0.059 -0.050 -0.138 -0.172
4“39m"‘03959._7Q;029 .f9f127 QTQ;lal
4
- - _ i e i e e et b e S _/#_ _ e



. eaicrr o R
REPORT 926 o | - |
e e L A TR RE SSURECORFETE RS . ,
 RUN. 39, Q% 10.€0 LB./FTSO_ . o
 ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
 NOe 0369
1 -0.129 -0.782 -1.775 -2.765 ...
o 2700457 212068 m2.022  m2e022 e e
R 3 =0.556 _=1.051 -1.9C3 =-2.640 ;
M 4 £0.655 -1.011 -1.668  =2.256
o 5 -0.690  -0.934 =-1.421 =1,706 o
o 6 -0.730 =-0,906 <-1.300 =-1.,535 - i
o 7. -0.761_ -0.905 =1.228 -1.458 .
g —0.p25_ 0,911 -1.171 -1.345. A
g —g.9sT -1.022 -1.232 -1.380 .
jo -0.984 -1.03¢ -l.210 -1.322 “
U 04984 -0.993 -1.155 -1.251 ... ,
_ 12 -1.008 -1.016 -1.150 ~1.202 .
13 -1,030 -1.020 -1.144 =Ra19T
B 14 -1.002 "0-9"9""059"1'099,_ e .
_ 15 ~0.859 ~0.776 -0.794 0,786 R
16 =0.569 -0.535 =0.626 =-0.607 e
17 -0.389_ 0,354 -0.439 -0.423 ) R
18 =0.285 -0.260 -0.331 -0.341 _ -
.15  0.903 0.977 0.939 0.761 ‘ e e
20 .54 0.952  0:975 _0.912 149 }
21 _0.643 0,870 0.962 0,988 “:M i ~
22 0.445  0.602 0.237  0.947 , .
23 0.333  0.50T _ 0.661 _ 0.79% e




GALCIT
REPORT 926

ﬁwfﬁBULATEDHﬁﬁESSU§F tﬁEFFI¢fFMf§m Y

L RUN

39

Q.= 10.C0 LB./FFSQ

.. ORYFICE CP_VALUES A1 ALPHA ANGLE SETTINGS

24
.25

.26 0.093

21

28

29

239

L3

32 0.086
...33 0,260
34 _0.408
_ 35 .9954%
o 36 -0.891
.37 -C.78C.
38 -0.501
_w}9;¢-0.309
40 _-0.192
41 -0.130
42 _0.012
o 43 0.850
4ﬁ_m_0.551b
45 0.451

44

04224

0.173
0,056
9&930

C.030

0.050

02381

_0.326

0.226

04173

04115
o.11%
. 0.138
0.150
0.262

L 0.432

0560 .

~0.811

0,693

-0.453

_‘Q!Z?JMH
-0.172
-0.09C

-0.006

0.554

0.484

0.675

..D.541
M93563W
. Ce331

L Le262

(L.180

0.175

Ca157

C.266

0571
~0L.T12
~0.607
=0.475
-0.375
0,271

-C.198

..0.578

0.383 . 0.402  €.392 = 0,409

NCe O 36

0.198

L.440

zC.102

0.680

 ¢!563L

9

04593

D.462
04030 04136 C.223 _ 0,315
wﬁxzzim;;”

_0D.243

0.315

De476

_0.586

=C.596

-0.507

0.676

0.362 -

L0220

0.255

=Qe420

—Ce335

~0.271
‘QFZZIMWMUJ,L;;W

=011

0.592

0.699

0.491




GALCIT

CRUN

! | e N _ __PAGF 78
REPCRT 926 |
m”?ﬁBULAfFbﬂﬁRE%SUQFvEﬁEﬁF}ﬁTFNTSHMWmw"m’a st
39, @ = 10.C0 LB./FTSQ ~
... ORIFICE  €P VALUES AT ALPHA ANGLE SETTINGS
NG 0 369
47 _0.331 0.343 ©0.33t ©0.33

48 0.279 0.29¢  0.276

.0.283

-c.018

0.002

.49 0.224  0.232 0,223 Q.21
50 0.154 0,185 0.150 _0.118
e 51 _<3.955 -3.694 -3.828 -3.800
52 =3.403_ -3.161 -3.256 -3.220 o o
53. =3.001 -2.781 -2.047 .-3.789 e
5% ~2.6T9 -2.429 -2.4%6 -2,362
552,370 -2.100 -2.077 -2,038 - e
.56 -1.659  -1.421 -1.311 -l.tés -
e BT 0,914 -0.657 -0.540 -0.501 .
58 -C.475 -0.388 -0.416 -0.419 -
) 59 *0.46‘! —'0-40;‘“0-__ fC.lfl*S “—_-0._437 B .
. 60 0,452 -0.393  ~C.445 .-0.437 o .
61 -C.457 —-0.4C01 -C.445 -0.448
62 -0.483 -0.413 -0.470 -0.471 _ .
.. 63_-0.501 -0.435 =C.500 ~0.488 o e
64 =0.500 ~0.,435 -C.481 =-0.478 ) e
65 -0.461 =-0.394 -C.442 -0.425
. fas‘.;o-9?aM4.0,971Ww.vsqss;hmﬂ§99ﬁnm“_ “M',Muw;;uﬁwf;w .
- . 67 L. 09810 . .0'801 . C.789 . 0_._817 e _.,J,ﬁ.é//w -
; 65 0.383 0,301 £.374  D.eco



GALCIT ~ page 29
REPORT 92' 5 c . o _
o TUUYABULATED PRESSURE COERFICIENTS ™
e RUN_ 39, Q = 10.€0 LB./FTSQ S
oo .. ORIFICE__ CP VALUES AT ALPHA ANGLE SETTINGS
_NQ- —. 0z ‘6______9 e __._*.m-i_,__ e
70 -0.260 -0.237_-0.228 '-0.199 _ _ R
o 71 04631 _-0.555_ -0.554 -0.478 .
.72 0,722 -0.641 ~0.632 -0.548 _ -
e 7370706 -0.627 -0.601 ~0.507 . e
740,631 =0,559 0,559 ~0.478
.75 _-0.489 =0.413 -0.458 -0.407. .
o 16.-0,285 -0.266. -0.369 -0.330 ) e
. 77__-0,155 =0.125  -0.223  ~0.235 .
7B -0,173_-0.09C -0.168 =0.199 ] e
79 -0.086 -0.061 -C.138 -0.159



GALCIT

REPORT 928

_PRGE BO

s TUTRBULATED PRESSURE COEFFTCTENTS ™ ~ ~ T
_ RUN 40, @ = 2.25 LB./FTSQ .
e e ORIFICE  CP VALUES AT ALPMA ANGLF SETTINGS
e NDe 036 e
L =0e261  -0.988 -1.887 -2.626 .
e 2. 702570 21,192 -2.042 ~2.677
S 3 . =C.673 ~-1,137 -1.914 =~2.3%¢ e
e &_Z0.701 -1.115 -1.655 -2.032
e 5. 202725 0,961 -1.372 -1.653
.6 =0.T44 -0.961 -1.272 ~l.428
e .T_.70.B09 -0.933 ~-1.246 1,353

J19

20 ¢

21
22

23

_0.672
0.509

.0.399

0_-0.911 =-1.162
mm:ifng;nggz9?mm
_-1.010 -1.172
0.925  -1.117
-0.979  ~1.067
.=0.988 =1.039
70,961  -1.012
.. -0.8C7 -0.716
_=0.553 -0.556_
_=0.181 -0.310
.. 04009 -0.142
..0.946 0,891
1,000 0,973

0. 864

_ 0.755

1.000
0,864

0,537 0.702

~1.248

~l.176

~1.109

e T2 5

~0.536
-0.321

_=0.300

~1.248

~1.067 =

m0.949 . -

=0.679

0,685
0,868
0.974

1.000

0.816 ...

e T T A Ml 13 A e M .5 00




 GALCIT S R B  PASF &/
REPORY 926 _ L . '

h  TABULATED PRE SSURF CCEFFICTENTS ST T e
~ RUN - 40, @ = 2.25 LB./FTSQ N

.....DRIFICE ~ CP VALUES AT ALPHA ANGLE SETTINGS

VMNOe o e . 3 6 - 8 . )
27 0.100 0,103  0.268 0396
28 0.100_ 0,103 __0.241  0.316 e
30 0,072 0,103__0.187 _ 0.264 e
310,100 0,211 _ 0,268 _ 0,264
32__0.100 _0.103 0,295 0.290 . . A
.33 0,23 _0.211 0295 0316
vl 340,536 0,429 0377 _o.36
36 -0.R6L -0.784 -0.657 -0.536 B
crmremee 31 700463 ~0.448 -0,374 -0.418 e . — —
.38 -0.434 =-0.322  0.113 -0.359
39 704360 -0,195 -0.192 ~0.253 i
o 40 0,252 =0.145_-0.142_=-0.232 . e
] | 41 -0.200 -0.095 -0.146 -0.228

42 _=0.121 0,009 =0.C41 =0,131

A3 0.699  0.647 0,756  0.632

44 0,699 0,592 0,729 0,685

45 0.591 0,510 0.567  0.527 B ] H



L LORIFICE

GALCIT
REPORY 924

~ TABULATED PRESSURE COEFFICIENTS

CRUN

53

L

224..73.048

_ 58

-1

62 =0.36C

.63

3 -6

0.320  _0.427 0.396 ... . .

-3.179

=0.573

=2.655

55“w:§£§!ﬁum
56 -2.533
57 ..=1.835
-1.493

L2.29  z1.231

L.61 =0.360

63 ~0.439_

.64 =0.360

- =0.172 -C.192 -

=0.360

66 0.B4S

61  0.591

68

69 ~0.580 -0.37& -0.452

=0.041

0,320

0,377

0.266 0,295
0,157 0.241

.=3.8B70  =3.951

~2.932 -3.072
~2.665 =2.812

-2.542 =2,580

24284 -2.274
:lzﬁﬁﬁwm:}tﬁﬁﬁﬂn

-1.115  -1,121

fe15C -C.812

0,295 =0.274
“0.195 ~0.192
-0.181" -0.196

=0.263 -0.169 -

~0.195  -0.192
0.952°  C.961

0748  0.651

- 0.213 0,086

~3.358 -3.454

40, 0= 2,25 LBL/FTSQ

9 .

(CP VALUES AT ALPHA ANGLE SETTINGS

L0316

=3.149 .

724673

-2.483

J0.264

0.185

-2.816

52180

=1.560

~1.105

=0.894

—0.236

=0.253

0413

e e e e e ek e - ~ .




e

SGALCIT L paeE&F
REPORT 926 ¥ ' ’

TAGULATED' PRE SSURE CORRRIEIERTS " " - = rr e e =
RUN _409 e = .Z,ESNLB,/FTSQ
ORTFICE _ CP VALUES AT ALPHA ANGLE SETTINGS
NO. 0 3 & 8
70 -0.893 -0.707 -C.675 -0.658
Tl ~1.226 -0.988_ -0.812 -0.797 )
72 -0.992 ~0.62% -0.657 =0.607 ]
3 _:0?701.-—0«575‘ =C.474 .:é-Stsﬂ”_”;mmﬁ' o
T4 ~0.566  -0.381 -0.351 =0.4t8 ,
.75 ~0.439 -0.272 -0.256 -0.321
76-0.360 0,122 _-0.196 -0.253 -
o T1_20.357 0,063 -0.041 -0.156 _
. 78 =0.252  0.00S -0.014 =-0.131
... 79204200 0,104 ~-0.028 -0.135 .



 GALCIT
REPORT 92¢

g Y ABULATER PRE SSURE CCEFFTETENTS S e :
e RUN. 41, 0= 3.€0 1B./FTSQ
- ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
oM@ 0 3 6 9
el 0.315 -1.582 -2.i5¢ ~2.969 ]

2_.70.664 -1.800 -2.42¢ -3.,128

370,683 ~1.702 -2,246 =-2.790 L

o % 70,753 -1.663 -1.880 ~2.372
5 =0.848 ~1.488 -1.647 ~1.859
.6 =0.933 -1.300 -1.588 -1.663 i L
. 1..-0.933 -1.463 -1.463 -1,582 B
. B0.871 -l.463 -1.378 -yke2
9 =094 -1.582 <1463 -1.645 -
10 -1.036 -1.582 -1.403 -l.462 e
M LOTT Sl.aBE 1359 -r32e
e 12 -1.077 -1.488 -1.322 -1.406
13 1,099 -1,4R4 -1.326 -1.336 _
oA 710085 -1.465 1292 -1.206
15 -0.952 -1.2¢5 -0.041 -c.830 o
16 0,808 -0.835 -0.712 -0.591 _

A7 0,289 -0.501 =-0.435 -0,394

18 -0.020 ~0.211 =-0.235 =0.328

- 0.!-.6..’. 7_2+ - ‘

19 0.872 0,971 0.921

S L A bt - -y

20 .0.793 _ 0,990__ 0,981 0.918

.
21 0,655 0.932_ 1,000 .1, 000 5 ; N

22 0.556 0,739 0,981 ....1,000

.23 0.437 0,546 0,723 __0.857 | :



 GALCIT

" REPORY 92¢ - B o ST
i Y RBULATED PRE SSURE CHEFFTETENTE e oror o
o CRUN 41y @ = 3.€0 LB./FTSQ

-...ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

NO. 0 - 6 .9

%% . 0.299  0.372  0.585 0.651 o o
e 250,240 0.333  0.505  0.630
.26 0,101  0.236 0,366 0.446 . o
27 0001 0.217 0,268 0.363 -

28 _0.10l _ 0.159 o0.,228  o0.301

29 0.062 0,178  0.228 0,280

30 0,062 0.159 0,228 0,260 M
e 31 0.0 0.159 0208 o240
.32 0,101 0.198 . 0.208 0.280 .
.33 0.220 0,217 0.248 0.322
360437 0.468  0.381 o466
.35 0.516  0.604  0.585 0.630 ]
36 -1.077 -1.364 -c.838 -0.672
........ i 3720602 -0.822  -0.627 <-0.493 .
38 -0.436 -0.612 -0.439 -0.387 _
.39 -0.370 -0.48C -C.398 -0.35% -
%0 =0.226 -0.373 -0.306 -0.275
41 -0.226  0.383 =0.235 -0.198
. 42 =0.105 -0.33C_ -0.172 -0.198 o
430635 0,662 0,782 0,733
45 0.59%  0.623  0.664 0672
45 0.55  0.526  0.565 0.569
.46 0.437  0.410 0.486 o0.445



65 -0,392 -0.493 ~-C.317 -0.296

66 - 0.951 - 0.943  0.90C DB.758

6T 0.705 0,725 . C.633  0.459

w 68 0.123  0.101 ~0.002 -0.,198 _—
69 =0.517 ~0.565 =0.546 =0.500 =

. GALCIT - e i ... _PAGE &6
REPCRY 926
.. ORIFICE__ CP VALUES AT ALPHA ANGLE SETTINGS
- .,,,.,.."N_g_.'___._n-_.__'__9,_.,._‘.,:.,_;,,%,*§_‘__.W_,,W_,,__;,_.__f?._ 9 - I S
.47 0.378 0,372 0.387 0,383 e
e 49 0.259  0.256 0,268 0,301 .
; 51 =4.253  -5.265 -4,420 -4.097 .
52 =3.734 -4,565 =-3.814 =-3.700 .
. 53.-3,318 -4.039 -3.418 -3.303
B4 =3.134% ~3.847 <3.211 -3,033 o
55 =2,946_ -3.573 -2.997 -2,948 .
i 56 -2.582 -3.005 -2,328 -2.414 o .
51 =1.916 -2.25T_-1.795_-1.761 e
.58 =1.452 -1.680 ~-1.244 =-1.227 )
59 -l.16l -1.215_ -0.816 -0.949 _
60 —0.499 -0.561 -0.346 -0.472 N
. 61 =0.392 -0.476 ~-0.335 ~-0.331 e
62 -0.392 -0.476 ~-0,398 =-0.296 .
e .83 04311 -0.47€  -C.335  -0.275 — e .
. 6% -0.418 -0,493 -0.398 -0.257



GALCIT

_PAGE &7

) 'REPDRT. 926 | _
. ORIFICE_ CP VALUES A1 AUPHA ANGLE SETTINGS
70 -0.848  -1.12% -0.845 -0.682
e 11 _=1,264 . -1.582 _-1.089 _-0.851 L
T2 -1.077 -1.343 0.027 -0.770
T3 -0.848 <-1:112 -0.712 =0.591_ ]

o Th =0.517 _=0.766 __-0.524 =D.468 R
o 75 -0.436 =-0.595 -C.398 =-0,373
760,311 -0.459 -0.272 _-0.303 e u
L T1_=0.226  -C.433  =0.213 -0.198 N . e

78 -0.123_ -0.258 -c.128 0,417 - .
. T9 =0,020. 0.003 -0.695 -0.106
o 160



GALCIT

CURERGRT 92 T

ﬂppceéﬁ9

CTTABULATED PRF SSUPECOEFFICIENTS ™ e
o CRUN 42, 0= 5,00 \B./FTSQ
_ ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS =
NOe 836 9. “
o1 -0.268 -0,978 ~-1.854 =-2.862 -
e 2 =04551  =1,275 =2.063 -2.933 — T
3 _-0.621 -1.226 -1.912 -2.657 -
4 -0.656 -1.130 -1.656 -2.257 e
5 =0.691 -1.059 -1.435 -1.6%6

s

6 =0.714

B -0.784

10 ~0.933
11 =0.935

12 -0.968

13 -1.010

=0.842

17 =0.247

18 =0.016

19 0.876_

20 0.7%6
21
22 0.509

23 0.356

T 70.745

9 -0.933

14 -C.970

16 =0.609

0.672

~l.012
-C.998
~0.998
m1.057
~1.057
~l.01€
—1.045
~l.01¢
~0.998
~C.835
~0+558
.TQ:?Qéﬁﬁ

0.01C

_C.900C
0.855
0.698

0.556

0,902  C.

=1.319

ml.226

LT1.131

-l.224

o1.202

-1.156

LTle156

=1.148
~0.795
.TP:é??_

rL.3%0

14318 " .
~1.375

-1.296

w217

-0.817

20597

=1l.526

=1.444

~1.237

-l.176

e L1 8

b b * Rkt e 3 e Sla

78,370

-0.288

0.672

_“Qza?khmw 

- 0.934

~0.902

0.776 . ..



GALCIT o PAGELYS
REPCRY 926 : .

"YABULATED PRESSURE COEFFICIENTS ~—~~ 7 7 7 77

CRUN 42, Q = 5.€0 LB./FTSQ

_ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

oNO. 0 3 & 9 R
24 0.285  0.436  0.577 o.662
.25 04193 0,354 _C.306 _ 0,887
26 0,135 0,258 0.346_ Q.465
.21 0,077 0,183 0.286 0,35
28 0,077 0112 C.240 04205
290,029 0.165_  0.193 _0.248 e
30 0,089 _ 0.114__ 0£.193 _0.246 _ e
31 0.069. 04136 0,193 0.3
.32 0.089 _0.122  0.224_ 0.248 " _ ) .
33 0.147 0,218 0.240__0.295 e
34 0.403 _0.411 _ C.449 04421
35 0.507  0.562 0.577  0.569_ y .
36 =l.111  -1.143 -0.842 =0,721 e R
.31 _=0,623 -0.666_ ~-0.551_-0.53
e ...38 -0.503 f?-ﬁffg_: ‘_Q_'_."t??......Z,‘Q:,?*QB.:, e L i
39 -0.336_-0.391 -0.365_-0.38c
40 =0.251 -0.300 _-0.284 =0,323 . o
41 -0.177 -0.145_-0.132 -0.278_ i}
42 -0.163 =-0.,082 ~C.142 =-0.209
43 0,647 0,643 0,660  0.650 o
4 0.531  0.538  0.577  0.571 - o
45 0.438  0.423  0.494 0.455 .
e 586 04356 0,403 0.457  0.299 .



GALCIT

" REPORT 926

MwwfhﬁULﬁTEﬁuﬁRffﬁURF'CCEFFTCIENTSh“‘"mmhumunu

CRUN 42,

Q= 5.C0 LAu/FTSO

__.ORIFICE _ CP VALUES AT ALPHA ANGLE SETTINGS

NG, o __

- S

s

S

.. 4704323 0.332__0.339  0.299 o
e 4R 0,240 . 0.273__ 0,286 0,248 e
L .A9_ 0.182 .19 0.195  0.091
] 50 0,089 .07 r.ca9. o.orc
51 =3.763 -3,708_ -4.065 -3.973
52 =3.344  =3.24€ =3.296 -3.277 e ﬁn
. 53.-2.982 -2.902_ -2.895 -2.887 . i} _
B4 =2,767 2,662 -2.668 -2.651 _ - o
55 -2,823 _-2.501 -2.517 -2.474 ) e
.56 -1.954 -1.802 -1.714 -~1.696 . e

.58 -0.925

.59 -0.516

61 -0.388

63 . z€.413 -0.381  -C.4n0 -0.323

64 ~0.388

. 66 0.089

67  0.69C

&R 0.131

=0.391

_iQ:?ﬁjm“

-0.334 -(.351 -0.38C

0,936
0.68C

0.136

=0.414

=0.631

-C.365 -0.439

~C.353

D517

0.0C42

62 -0.388 -0.352 -0.353 =0.380

57..-1.425 ~-1.228 ~1.140 -1.180

2Cs522 =0.575

60 _-0.388 -0,334 ~C.365 -C.380

=0.358

RS Y b e s e 1 T 3 A8 AR, s i 5 o T Wi 4 <5+ et 2. m8 bt

3 =0,31C =~0,332 -0.337

Ce973_ 0.926

0.408_

~-0.183

=C.516

04620




....ORTFICE.

10

13

T4

A7

GALCITY
REPOPRT 926

 TABULATED PRFSSURE COEFFICIENTS 7

RUN 42, @ =

cep
- -0.896
TL -1.319.
72 -1.148
—0.902
~0.563
75 -0.408
76 -0.305

—0.212

-1.238

NO. . C6 . .3

—0.827

~1.057
-0.906

=0.556
.T0.471
-0.322
=€.23C

.18 -0.l44 - =-0,18%

_flvﬁﬁlw

5.CC LB./FTSO

VALUES AT ALPHA ANGLE SETTINGS - =

N
50'762‘-70'73C _“m
_=0.087 .
-0.877 -c.815
-C.714

-€.551 ~0.557

-G,18 1 _.=C.2 a4

 PAGE G/

S0.650.

70.375 -0.437 ) . )
~0.255 ~0.358 oo
~0.239 =-Q.313 I

e J9 %0086 -0.11C -0.119 -0.197 s



-,.,'.‘GM“C” L et e e - , o - PAGE 957 .
R}_: PCRT 926 - i e T s B e L

F)

. O
. RUN__ 43, @ = 10.CC LB./FTSQ e e
. _DRIFICE _ CP_VALUES AT ALPHA ANGLE SETTINGS
.. NO. o 3 & g
el 1 =0.123 -0.BB1 -0.858 -2.965 .
20,447 -1.17¢ -1.164 -3,108 .
3 ~0.551 -1.168 -1.145 -2.840
L& -0.631 ~1.137_-1.102 -2.440 e
e 5 =C.648 =1.028 -1.Cls -1.821 e
6 =0,704  ~1.010 -0.998 -1.665 - _ .
. 7.-0.740 -0.987 -c.979 -l.s71
... 8 =0.809 0,985 -0.986 -1.446
N _.9..=0.918 -1.056 -1.096 =~1,477 _
10 -0,948 -1.095 -1.c78 -l.422
e ML =0,943 =1,090 ~1.C65 -1.353
o 12%0.9T4 ~1.096 -1.87L_-t.327
e .13 -14004  -1.101  -1.051 -1.315 - ;
14 0,974 =1,058 _-1.035 -1.202
15 ~0.839 -0.851 -0.833 -0.9%9 e
... 16 0,507 -0.553 -0.564 =~0.678 ]
i 17 204258 =0.283 -0.263 -0.430 . e

18..70.C01  -e.061 =-0.025 -0.315

19 _.0-8R8  0.948 G.996 0.741

21 0,634 0.85C  0.862  1.010

.22 0.452 0,672 0.686  0.966

.73 0,323 0.518  C.518  0.816 . e

-



L GALCIT.
REPCRT 926

. ORIFICE. CP VALUES A1 ALPHA ANGLE SETTINGS

. NG-

. 225
.26
e 2T
e 28
. 29 .
.30
SRR ) §
.32
33
- B 3

37

....38

.39

40

._:9!252LT

41

S A

45

24

A2

43

. L

w”Thﬁumrﬁn_bégssuﬁﬁ COEFFICIENTS 7

. 0.220

L1100
04048

,uﬁgﬁlﬂww“

0.018
_0.071
. ..0.048
...0.232

... 0e3%0

0.537

 Tle347
:Ga?é?nm
~G,485.
L0414

0313

=0.135

_0.641
0.531

- 0439

o

_0e164

0.015

. G.360

2

. 0.384

S 0.188

0.127

0.048

. 0,096

0.20¢C
0.385
S

- 0.543
_rle.342

-0.814_

ey .

0,299

0.075

0.048

-0.578
-0.460
-0.34C

=0.277

6

JCetC9
L.316
- 0.194
S 0.151

_C.079

 0.098
C.1C2
0.133

S 0.213

.Le 409
0.549

-1.316

_<0.802 _
~0.570
~0.460
T0.313
~0.258
-0.184  -0.142 -0.232
0.66C 0,675 _ 04692

C.53C  0.563 " 0.591

RUN 43, Q = 1C.C0 LRB./FTSQ .

=0.552

70465

~0.377

—_— 8 U -
.69y R

L0593 —— e
0.447 _ ) .
0304 .
0.248

021G I
9!224 R B e
Qv?é3mmwmw i e

Desbs , B
Q.es87

“f9?5§Q““M”A,1 . - )

el

=0.32y .

0.436  C.464  0.468

D.351 . 0.378 0,397



L BALCIT . pacE 94

UUREPORTY 926

" TABULATED PRESSURE COEFFICIENTS

_RUN 43, Q = 10.C0 LB./FTSQ

_.ORIFICE _ CP _VALUES AT ALPHA ANGLE SETYINGS

. Ncl!_ e 0 ' 3 6 - 9

47 0.299  0.281  €.311  0.335

48 0.246  0.217  0.244  0.266

49 0.164_ 0.143  0.176  0.160

50 0.079 _0.048 _0.078  0.053 e
51 _=3.744  -3,739_ -3.715_-3.778 _ S
.52 -3.267 =3,243 =-3.233 -3.298 L
53 _=2,900 -2,894 ~2.842 =-2.927 .
54 -2.582 -2.589 -2.558 -2.602
55 2,338 _-2.264 -2.245 =-2.259 L _
56 -1.675 -1.591 -1.536 -1.453 _
51 =0.961 =-0.79C -C.765 =0.603 o ‘
. 5B =0.460 =0.465 =-0.423 -0.441 -
59 -0,426 -0.465 =C.417 =0.44D e
60 0,417 _-0.441 -0.41T -Qu4kl . e
) 61 =0.417 <-0.435 -C.423 -0.440
62 -0.447 =C.442 0,442 =0.450
63 -0.435 -0.473_ -C.454 =0.47L o __
. 6A_-0,423 0,460 <-0,442 ~C.438 ) .
65 0,393 -0.417 _-0.386 0,409

.67 08,719 0.684 C.684 0.51C

68 0,171 0.12¢6  0.126 -0.127

69 702505 _=0.521 =0.534 =0.639

f




e ORIEICE  CP VALUES AT ALPHA ANGLE SETTINGS

. J0.70.941  -0.943 ~0.937 -0.883 R
v JL m10434  ~1,432  ~1,418 -~1,065 .
T2 ~1.262 -1.285_ -1.255 -0.928 . e L
e 130714035 -1.071  -1.060 ~0.778 )
i 14 <0704 -0,753  =0.723  =0.678 - e
75 =0.515 0,576 ~0.539 -0.522 ) _
_ 76.-0.385 -0.442 -0.392 -0.422_
~ e 17200282 20,331 0,288 -0,357 - e

... NC.

GALC YT

AiREPURT 926

0

.78 -0.218

-0.283

6 9

 TABULATED PRESSURE COEFETCTENTS ~ = s oo
JRUN_ 43, Q = 10.C0 LB./FTSQ _ — . e

~0.228 -0.295

"~

R —" TTERE— :




o GALciT
REPORT 926

NC.

3.
.

5

.
B
9.
10
e

15

16

17

L. 18

19

20
21

22

CRUN

.

. L

(420 Q.7 2.25 LB./FTSQ

0

-l.376
1.367

o1.239
S1.347
_Tle514 -
.T1.568
~l.729

—1.837

=2.004

- 0.808

0. 882

0.585

0.510

-1.185
-1.269

-1.538

-2.112
24357

0.882

3

LA zl.146 -2.128

.2 =1.376  -2.382

=1.912

=1.582

~1.558

.-l.687
.ﬁ@?ﬁejm
=1.903

-2.032

m2s344

-3,258

mB.273

0. 829

'0.803

0.676

=2.257

~1.692
~lebb4
~1.664

~l.664

—2.142 "

10,752

0.905

6

-3.182  -4.845

TlebC1

-1.730

ml.73C

LT2+258 =-2.363

. ~3.158 -3.292

~8.178
. 0.535_
0.746
0,793
0. 886

9.722

T3.316  -4.731

-2.606
-1.996
—1.734

:‘r?Pém

-l.782

g

2. 77T ~4,277
S3.779

T2e477

ORIFICE  CP VALUES A1 AUPHA ANGLE SETTINGS .

o - _— — L A - - -

~2.269
T2e.112
=1.999

=la127

ﬁlf?lg.mm
~1.970

~1.994 -2.084

0,440

0.766

-2.060

T2.049 -2.217

~B.307

. ‘0023

'0,S15 

-1.730 -~1.989

.l‘u
o 4
SR
\\

T e - s o b 1§ e D 4 A A e i B o oo .

- ———



CGALCIT
RFPORT 926

- ORIFICE  C€P VALUES AT ALPHA ANGLE SETTINGS _
NG. ¢ 3 6 9

24 .0.436 0,573 0,676 0,766

.26 0.287  0.369 0,535 0,521

21 0,163 0,318 0.418_ 0.467

31 0.213 0,267 0,348 0,331

32 0.262 0,292 0,348 0,385

.33 0,436 0,420  0.4838 0,440

... .34 0,535  0.522__ 0,512, 0,576
_ 36 -33.214 -32,404 -31.954 -31.797
| 37.-25.304 -24.808 -24.514 -24.480
38 718,653 -18.255 -17.942 ~17.864
39 -13.737 -13.605 13,346 -13.299
40 -10.179 -9.9 T4 -.688 -9.728 R
.. .4l _-7.518 -7.,478 -7.354 -7.365

42 =3.092 -3.015 -2.844 -2.846

430,733 0.752_ 0,746 0,766

44 0,684 0,701. 0,676 0,685

45 0,585 0,548 0,629  0.685

46 0.510 0,548 0.582 0,630



55 -2.572 -2.661 ~2.544 -2.64B | _
562,548 -~2.645 -2.473 -2.610 o
o571 .=2.489 -2.511 -2,387 -2.482
. 58 -2.749 -2.272 -1.834 -~2.217 - o
59 -2.112 -2.214 2,077 -2.41
e 80 =1.867  -1.917  =1.730 -1.757 _— — — .
61 -1.488 -1.525 -1.339 -1.407 _ _
62 -1.239 -1,213 -1.C49 -1.113 e
o 83 ~0.97C  -C.974 -C.810 -0.881 . o
. e 88 700671 -0.777  -C.625 . ~0.545 - - )
... 65 -0.480 -0.519 -0.363 -C.384
i B8 794664 =9.782 -B.993 -8.771. -
o 67 ~14.796 -14.462 -14.089 ~14,004
) 68 -21.069 -20.564 -20.476 -20.251 _
.69 -31.288 -30.632 30,373 -30,135

52 -1.265

GaLciT
REPCRT 924

~ YABULATED

51 -0.396

—l.410

53 -1.974 =-2.032

54 ~2,435 -2.411

T0.581 =0.491 -
~1.363 -
-l.882 -

~2.396 -2.°

.PRF,SStjPE COEFF‘ICIFNTS T T TS T R T

CRUN 45, 0 = 2.25 LB./FTSQ
___ORIFICE  CP VALUES A1 _ALPHA ANGLE SETTINGS e
NCo 0 36 9 ~
) 47 0.510 0.548_ 0.605 0,549 ~
e 48 0,461 0,522 0.512 0,576 .
49 0,485 0,369 0.488 0.576_ e
) wgﬁguwmp,eﬁl“;”ptééémwmphﬁéswwwohsal R




GALCIT L | PRGEDYD
REPCRT 926 o

TABULATED PRESSURE COEFFICIENTS

RUN 45, Q = 2,25 LR./FTSQ
...ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS =
, NCO. 0 3 6 9

70 -37.966 -37.04€ -36.731 -36.443

. T1 -40.493 -39,585 -39.160 -38.778 , e
T2 =268.454 -35.537 -35.164 -~34.819
73 -29.779 -29,190 -28.687 -28.572 ]
T4 =25.471 -25,176 -24.853 -24.707
75 -19.275 -18.83% -18,656 -18.627
L 16.-14.472 -14.222 ~13.713 -13.952 e
e 7T -11.267 =11.142 -10.845 10,803
T8 -B.547 -8.297 -8.040 -8.122
T3 -20999 -2.990 -2.763 -2.742_




GALCIT

_RUN 46y 0 = 3.C0 £B./F¥SO . .

i - REPORY 926
: CTUFAROLATED
. DRIFICE - P
__”NthM“ww“Qw”
10,963
2. =1.246
3 -1.264
4 -1.264
N “mﬁwgiitlﬁs
. 6 =1.169
i 7. -1.213

10 ~0.631

s AL =14470
- 12 -1,551
13 -1l.6869
o X4 —1,T54
. .15 -1.820
B 16 ~-2.03C
e b 12393
. 18 -6.450
19 . 0.931
20 0,877

B m1.242

9 -1.371

_.T2s%49  72.833

_VALUES AT ALPHA ANGLE SETTINGS

-1.B62  -3.427

2,094  -3,533

.~1.958 -3,227

m1.753 -2.763

L.m1.483  -2.165

.m1.3%94  =2.019

Z1.316  -1.793

-1.432  -1.836

hflﬁﬁjgmmﬁ1339§.”

-1.562 -1.957. -2,228

~1.644 -2.041 -2,276
S1.295  =2.037_ -2.276
-1.678  -2.136 -2.325

30 ~1.866  =2,245 -2.423

5,597 -6.558 -6.723
0.893 0,546
1 0.951 _ 0.816_ 0
0.951 _ 0.893 o,
0.855  0.932 0,951

0.681 0,758 0.

WﬁRESSURE”CDEFEiﬁiENrﬁl"”'”

2 6

=4e579

=1.371 -1.855
-2.087

~2.246

~1.487 -1.917  -2.149

PAGE /00

—2,841




S GaLcrr ”;“mwﬂ,,h;.”n_m_;m;mwmm mm_,Mmmﬂ,,m_“..hPAGE/O/
REPORT 926 ‘ : o :

~ TABULATED PRESSURE CCEFFICIENTS ~— 77

RUN 46, G = 3,00 LB./FTSQ

_ ORIFICE ' CP VALUES AT ALPHA ANGLE SETTINGS

NG e 3 6. .8

24 0.360  0.604  0.719  0.797

© 25 ..0.341 0,507  0.623 0.719 . ) ]
26 0.194 _0.391  0.468 0,604

27 0.175  0.333 _ 0.449 0.526

28 0.157. 0,204 _0.352 0.410 o

29 0.138  0.256 0,333 0,372

36 -24.639 -22.817 =24.752 -25.484

- 3T7.218.875 ~17.552 -19.038 -19,596

38 -13,892 -12.785 -13.900 -14.281
39.-10.407 __-9.585 -10.426 ~10.722 e

40  =T72499 -6.936 ~7.565 ~7.76%9

41 ~5.633 -5.198  -5.726 -5.869

42 -2,185 =-2.019 =-2.307 =-2.386

440,637 0,739 0.777 . 0.739 .



UREPCRT 926 T

. ORIFICE _ CP VALUES AT ALPHA ANGLE SETTINGS

GALCIT

...PAGE /OZ

- TABULATED PRESSURE COEFFICTENTS ™ T T

.NC.

LGRUN

4T

49 0
50
51 -
52

53

54
55
56

57

28

59

.60
.61
62
63 .
64
L85
.66

L. 8T

.69

48 ....0.489

9

464

=

Q=

3

~24597
—24737

=2.593

~2.18%
~2,104
-1.695

~1.353

-0.554

=C.330

} ~15.3¢4 -14,253

-23.318 ~21.540 -23.270 =24.002

=2.269 -

24472

-1.044

~0.782

=2.917

02284

=2.47C
“2.545

-2.528
=2.337
T2.074
T1.999
.T1.602
-1.299

~0.988

=0.541
~0.315

=5.423

-9,

[ =2.037

-0.725

_3.C0 LB./FTSQ

6

...0.507

) =1.245

I =2.58B1:

~2.909
~2.986
“fZ.BﬁZ
=2.741
=2.424
o —2e329
. =1.946

-1.552

w0720

.=5.952

20.365

0546

~1.231

_—C.972

~0.446

S -

.0.452  0.584  0.584 0,564

-9.584

0.565

~2.559
-l.99T

-1.629

T0.967 o
T0s749
-0.478
=5.929
11 -10.324 =106.530

~15,454 =15.838

-1.31¢

0,507 e e
“1.438
-2.258 e
-2.837 e
eBets3
_-3.255

-3.108 e i )
.7?1919,“m%mmdm_““n‘wmmm_.“ R
Hszsgl.mMuw_wwgm*_“_ e -

S




_GALCYT
RFPCRT 92é&

. PAGE /OF

- " TABUUATED PRESSURE COEFFTCIENTS ™ B

... RUN 46, 0 = 3.00 LB./FTS®_ e

. ORIFTCE _CP VALUES AT ACPWA ANGLE SETTINGS
NG 0 36 e o

.70 -28.070 -26.136 -28.295 -29.073 _ .

.71 =30.212 -27,955 -30.225 -31,112 I .
72 -27.065 -25.04¢ -26.941 -27.907 .
.73 ~22.218 -20.563 -22.256 -22.911 R —

T4 19.159 -17.78C -19.264 19732

75,714,444 -13,427 -14.516 -14.856 <

76 -10.775 -9.978 -10.860 -11.091 e
H;H;:miﬂmﬁhyﬂmz%ﬂﬁmjﬁiﬂ;gmmw _____________ i

7B =6.204 -5.744 =64325 -b.426 0 .
oo 79 =2.104 -1.883 -2.216 -2.25¢ )




Seaery B PAGE /OF
REPORT 02§ = | = = smemmemnme e P AGE S

. S RBULATED PRESSURE CHERFTETENTE e e
i . RUN 47, Q= 5.COLB./FTSQ —
... ORIFICE__CP VALUES AT ALPHA ANGLE SETTINGS .

1 -0.852 =~2.016 ~3.207 ~4.744 .
214221 =2.293 =3.331 4,683
3 -1.223_=2.155_=3.041 -4.310 o
% <74 =1.911 -2.583 -3.535 e R
5714098 =1.663_ =1,992 —2.580. e
e T_=1.115_-1.518 ~-1.772 -2,168. e
B m1e174  =14505 -1.703 -2.013
. 9.-1.329 -1.627 ~1.776 -2.083
10 -1.359 -l.627 -1.776 -2.026
11 =1,392 -l.6l4 -1.729 =1.959 ., o
12 -1.46) ~1.714  -1.763 -1.965
13 -1,558 -1.77¢ -1.e21 -2.017 |
e LA Z1.605  -1.800  -1.843 -2.024 .

15 .-1.603 -1.778 ~1.789 -1.904

e .16 =1.653 =1.825 ~-1.821 =-1.952 o

17 71,901 -2.053  -2.078  -2.170

.18 73.937 -3.97¢ -4.008 -4.246

_ MM““AWMEE_“ﬁpfgaﬂ;nmﬁfgﬂgwn“Q:§75;“m91}9?mww_mm_m“”mm___mw e
oo €0 Q0838 0,986  0.852 0.595

i
1

22 0.677  0.853° 0.936 1.008

230523 0.683 0.834  0.923



oealerr o eAGE/oF
REPORT 926 ‘ , ‘ S

N LRUN 47, @ = 5.CO LB./FTSQ

- QRIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

__,,NE-_ 0 3 SRR 9

24 0.424  0.585  0.698  0.824

et 25 04331 0,482 __0.625 _0oT42_ _
.26 0.247  0.363  0.495  0.595_ - _
.27 €.197  0.287 0,411 _0.510 . __ —
28 0.152 £.260__0.361  0.449
90150 0,232 0.338  0.425 . ~
.30 0.150  0.245 _ 0,314 0.388 _
o 31. 04150 0,236 __ 04790 0,379 -
32 0.210_ 0.254 _ 0.314_ 0.377
.33 0,374 . Q.41 0.446  0.508
.34 0,487 _0.545 __0.567 _0.584 .
35 C.616  0.656  0.675 0,691 )
.36 =14.607 -14.974 -14,566 -13.430
e 37.-11.215 -11.557 -11,233 -11.332 e
.39 6,094 -6.261 =6.101 -6.050 o i
e 8D =44326  =4.581 ~4,6466 -4.502
41 -3.242 -3.408 -3.315 -3.365

s @2 -1.303  -1.367  =1.357° -1.398 .
e 83004703 0,725 - 0.735°  C.752 /?g

44 0,642 0.669““0.675 0.691

45  0.556 0.593  0.601 0.608

46 0.523  0.542 0,541 0.558



Leaety o ... . .. . _PAGE /06
REPCRT 926 o o o R

T 'MWTKBULATEb”PﬁESSUﬁE"CbEFFTEYENTS
e ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
%7 0.474  0.496  0.517 0.530 . .
e 8B 0,472 C.46C 0,493 0.497 e
50 0.422 _ 0.458  0.459  0.499 - o
e Bl m1.964 -2,229 ~2,206  -2.434 . .
e P2 m20476 7_,2_:.7:.’*‘%_ LT2.767 ~2.955 , — .
53 =2.773 -3.044 =3.052 -3.234
55 =2.970 =-3.255 ~3.225  -3.413 B
e 5T =2.594  -2,855 ~2.815_-2.955 e
.58 =2.292 -2,475_ -2.443 -2.598 e
59 -2.051 -2.231 -2.182 -2.301 o
80 _-1,709 -1.898 ~1.849 -1,906 B
61 =1.327 -1.467 ~1.208 -1.505 .
62 -1.005 -1.107 ~1l.3¢_-la3z
. ..63 0,087 -0.808 ~C.848 -0.853 = e
. 66 -0.502 =-0,55§ -0.558 ~0,589

.85 70.301  -0.361 ~C.340 0,371

67 =5.187 -5.379 -5.304 =-5.383
68 ~B8.564 .-8.899 ~R.678 -8.822

69 -13,519 ‘-13.972“-13.592‘ -13.801 .



_ GALCIT

REPCRT 926 o T o
HT“ABULJ-&‘T'ED PQE‘SS.U#E CQEFFICIFNTS R N -
N RUN 47, @ = £.C€0 LB./FTSQ =~ e
L . ORIFICE _ CP VALUES AT ALPHA ANGLE SETTINGS e
.70 -16.660 -17.148 -16.684 ~16.889 e
- L TL.S17.841 -18.43€ =17.876 -18.110 -
e T2.-16.049 -16.519 16,069 =16,257 e
.. T3.-13.152 -13.562 -13.126 -13.289
o Th ~11.3271 -11.637 -11.304 -11,4€3 s
75 -8.508 -8.752 -B.534 -B.624 3 e
16 ~6.271 _<6.481 =6.349 6,423 o )
i YT =4.794 _ =5,006 _~4.850 -4.912
T8 -3.609 -3,779 _-3.723 -3.740
79 -1.25¢_ -1.358 -1.310 -1.311 e
______________ B ___/XU S



S o |
SESEET o036 e e e

T ~  TABULUATED PRESSURE COEFFICTENTS'
. L RUN 48, Q@ = 10.C0 LR./FTSQ

o NQ. 0B 6 g

_ORIFICE  CP VALUES AY ALPHA ANGLE SETTINGS '~~~

1 -0.570  -1.381 -2.506 =3,945 i} ) I
2. =0.878  ~1.647 -2.718 -3.993 e
o 4 -0.966 -1.464_ -1.967 =3.026 I
R 6. =0.979  ~1.235 ~-1.608 =-2.084 __ .
1 -0.997 -1.222 -1.525 -1.964 . i
e B Z1.055 1,200 ~1.472 =1.825 e
8 -1.216 -1.318 -1.550 -1.R52 . —
10 -1.239_-1.331 -1.556 -1.819 N
AL <1288 =1.336_ =1.521 -1.777 _
12 -1.332 -1.401 -1.556 '-1.177 _ u o
k 13 -L.417 -1,429 -1.585. -lt70
14 -1.453  -1.424 -1.584 -1.74C
15 1,393 -1.336 -1.444 -1.590
16 =1.327 -1.263 =-1.391 -1.536 _ e
17 -1.325 1,259 -1.363 -1.505 B
18 ~2.060  -2.042 -~2,066 -2,181
19 0,947  0.975__ 0.808__0.433 _ PN
. ...200.887 _1.000__ 0.918  0.729 / K/ e
- 2104769 0.970_ 0,976 0.933
22 0.573_ 0.804__ C.915 _ 0.968 . e
.23 D.414  0.650 0,771 _ 0.A75 e



CALLTT | e e e e - ,,,PAG?E_/QQ
REPCRT 926 SO L _

) RUN 48, € = 1€.CO LR,/FTSO i
_ ORIFICE - CP_VALUES AT ALPHA ANGLE SETTINGS
..M O 3 & e
... ..24 0,315 0.549 0.630 0.77C
25 0.268  0.444 _ 0,567 0,669
26 0.163  0.349 _ C.448  0.536
27 0.132 0.297  0.360  0.453 -
.78 0,119 0.255  €.327__O0.482
29 0.102 0.225 _ 0.297_ 0.366
30 0.095  0.232 o.785  o0.337
3100102 0,232 Co.2m2 ou33e oo
32 0.192 0.267__0.297 0331
33 0.310  0.409 0,432 _ 0.457 ] )
.34 0.438  0.538  0.525__0.546_ _ _
] 35 0.579  0.668 -~ C.653  0.675 )
36 =7.661 -7.293 -7.352 -T.584 - o
37 =5.920 -5.638 -5.678_-5.862 e
38 -4,321_-4.112 _=4.161 -4.266 e
.39 =3.167 -2.997 -3.052 -3.184
o B0 -2.244 2,107 -2.167 -2.254
) 41 -1.655 -~1.541 -1.608 -l.680
42 -0.7T12 -0.626 -0.T10_ -0.750
43 0.682 0.751__ 0.724 _0.760

44  0.622  0.686 0,654  0.675 / 39«

45 0.536  0.609  0.607 0,607 -

e 86 04581 00555 | 0,535 00566




il e

St e st e 13 g

NG,

48

GALCIT

REPORT §3g ~~ 7~

RUN 48,

Q.-

=

59 Ce4l4e

50 0,416  0.478  0.466  0.482

D2 T3.216

.33, m3.287

=3.317

35 =2.971

56 =2.960

_.B3T =2.701

.58 =2.335

59 =2.055
60 ~1.693
61 -1.289

.62 -0.941

66

.64 =0.376

85 _-0.272

70.044

67 -1.938

68

69

63 .-0.589

~le831

T4.033

0476

-3.19¢8
-3.226
T3.221
-3.162

-2.880C

-2.172

~0.027

~1.602
-1.193
fgfﬁfgm“
0,487
-0.281
-0.240

_.0.064

"3.892

6845 -6.575 -6.684 -6.901 -

B . PAGE J/O
TTTYABULATED BRE SSURE COEFFTCTENTS T T - :
1C.CO LBL/FTSQ
(ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
E I . A e
532 0.512  0.530
508 CeA89  0.SMY
..0:460  0.487 e
S1_-3.072 -3.038 -3,163 -3.384
-3,298 __-.:3'.537{5'
~3.345 =3.559 .
-3.339 -3.546 ——
-3.260 "3‘*41 . ]
-2.082 -3.149
-2.625 -2.700 20852
-2.248 -2.368 ,
<2114 -2.146 . o
-1.669  -1.743 e _
-1.251 -1.269 _ o

-0.87¢C -c.858 |

-0.531 -0.526

=0.3%6 -0.393

*0.318 =0.375 : e .

=0.031 ~0.035 / ij_
°2L_20.03 . i e

=1.926 _=1.995 e

-3.950 -4.11¢c .



.. GALCIT
" REPORT 926

o T'A‘BUE”A'TED PR E'S:S'U'R‘E— "C'G‘E'F'F I"C IE NTS i o T
e RUN 48y Q = 10.€0 LB./FTSO o
_..ORIFICE _CP VALUES AT ALPHA ANGLE SETTINGS ] )
. N, 0 .3 & & -~

LU

78,293 ~B.244 -8.327

-8.568

72 =8.408 -8.028 -8.074 -8.321 _
73 -6.920 -6.59% -6.660 -6847 — i
15 =4.462  -4,247 -4.282 -4ua29 e e
16 -3.261 -3.096 -3.156 eaz2es
.78 -1.854_-1,73€ -1.798 -1.874
79 =0.707 _~0.63C -C.703  ~0.750
.
C
e B ¢




GALCIT : _ 112
Report 926 . - Page

TABLE V

" TABULATED TOTAL HEAD RAKE

PRESSURE COEFFICIENTS



GALCTT | | | \ LY YL
RSN EE . G

CTARULATER FRESSUMVE COEFFIETENTS T T
CPUN L4y Q= 2.25 "-.‘;J_’_r. FETSQ _ -
L ORIEICE  CP VALUFS AT ALPHA ANGLE SETTINGS . _
NC. 02 e 9 A
1. 22569 22,927 22.825 22.056
2 4B.5I4 48861 49.T65 46,977 .
3 37.315 37,717 37.407 36.111 - )
4 25.324 25.598  25.378 24,575
S 140175 14176 13.095 13,747 ] m

6 5.995 6,014 £.0% 5,947

T 10735 1657 1.5%3  t.A92 -
8. ..0.0%9 0,060 5.363  Q.273 - .
9 0.178 0,129 £.119 0,365

00765 €.037

—
o
-l
~
e~
i~
[}
o
w
o




e CALCTT
proneT

e ORIEIGE _ €P VALUES AT AUPHA SNGLE. SETTINGS.
. ONQe 6 3 mﬁmnm__uﬁi_w. | N
V174662 17.775 17,275 17.125 }
e 2 3Ta256 374675 364886 37.207 I
3. 28,175, 20.065  29.452 28,692 .
L4 19.629_ 19,213 19,433 19, 488 .
511232 11.1%110.923 10.874. e
T 14527 _1.482 1,446 1,251 o
e B 04286 C.1SE 0,165 0,180
12 80860 L7260 0,751 0.733 ) o
e . ) ORig

PG [/F



GALCIT

T REPCRT 926

_ ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS ~— ~

RUN .

.. NCG. O

3 20.403

LA 13,970 12,

16,

1..12.138

2..26-381

5

1

6
. .L?
.8
9

o

-“§:9§3,"m._

... 0.103
. 0.071

D412

3.646

=

10,544

245237 .

18,812

3 SR

6

_S-804
240717

19.218

(5. 00 LR./FTSQ

3

9s901

..134216° 13,498

L 18679
_§f595; 
1145
LC.C97

-C.009

0.299

3.519

 0.223

25.48) .

l.056

A9.615
Oeqﬁs‘um.HMJ;wm;wm_mwww -



- REPCRT'Qzéw o
, wauwu.517v,Qmsmlcgﬁq_tawaTSO.“' e _
... ORIFICE_ CP VALUES AT ALPHA ANGLE SETTINGS . .
NO. 03 e e
14530 4,315 4,012 4.044 . k
2. 142144 13.860  13.482 14.134 M e
311,131 10.926 nlﬁgésl;;1;,224_;WWMW;UWMWUMH;' A I
& 7.781 7.601  1.428  1.825
o5 4706 4.588 4,502 4.750
L 6..2.485  2.436 _2.367 2,559
7. 1192 1.18C 1153 1266 _
e 8 0.281  0.280 0,288 0,308
9 ~0.185 -0.236 -D.286 -0.333 ) .
10 -0.338 -0,412 -0.494 =~0.543 o

 GALLIT



GALCIT
REPCRT 924

A e EABUCATED PRE SSURE COERE TE(ENTR = e
,,,,,,,, CRUN 18, Q= 2.25 ReseTSO
e _ ORIFICE _CP VALUES AT ALPHA ANGLE SETTINGS
_ L4 0,386  C.01S _C.261 0,109
- 6..0.622  0.495  0.678  _0.4l0 .

.9 0,328 -0.134 _ €.432 C.l66 - B
10 -0,229 . -1.21€ ~-0.187 -0.418 - .



 GALCIT o S -  PAGE /&
REPORT 926 : | - - ,

 TABULATED PRFSSURE COEFFICIENTS

CRUN 195 Q = 3.C0 LB./FTSQ

..DRIFICE _CP VALUES AT ALPHA ANGLE SETTINGS

NCe 0.3 &9 -
1 0.744 0.725 _ 0.886  0.848 -
w2, CalB6. 04063 £.040 =0,015
3,.0,271 0.091 0.040 =-0.074 .
4 0.381  0.252  0.147 _0.190 ) ]
_ .5 0.445  0.658 _0.419 0,207 _
_ .6 0.653  0.722 0.672 0.437 .
.t 1. C.T60 0.876 __0.886 ©0.680
o 8 0.810 0.845  0.909 o0.866. .
, .9 ..0.292 - G6.265 C.250_ 0.310
.10 -0.297 0,382 -0.466 -0,338

: L/



GALCIY ,
REPORT 926

o B :'"“TA_'BULA'TED""'F"RESSURF COEFFICIENTS i
__ORIFICE _ CP VALUES AT ALPHA ANGLF SETTINGS
3. .0.240  0:200_ 0.041 -0.026
4 0.361  0.351  0.227  0.043
_7...0.898  0.936  0.9CC. 0,669
.9 0.355  0.362 €.382 _0.274
10 -0.402 -0.376 -0.449 -O.467
o ] 9L



~ GALCIT
REPORT 926

" TABULATED PRFSSURE COEFFICYTENTS —~ 777 777

RUN

21, @ = 10.C0 LB./FTSQ

PAGE /Z2C

. ORIFICE  CP VALUES A¥ ALPHA ANGLE SEYTINGS ..

NC.

.

,,,O.A

0 E

809 0.865 0.839 0.830

6

9

204139 0,110 0,027 -0.258 _ N
,aﬂﬂ_ggzzﬁ._mp,19i,m_0-079 . z0.253 . .
4. 0.359  0.33¢ 0,221 -0.117 _
o5 0.575  0.557  0.428 _ 0.115
.6 _0.7883 0.B03 0.686  0.464 u )
7...0.919  0.941  0.90C 0,793 i
B 0.94L _ 0.954 _ 0,936 0.961 e .
.. 9. 04378 0.361  €.370 0,221 e
.10 _=0.415 -0.469 =-0.428 =-0,783 _
- ) 193



GALCTY _ PAGE/Z/

REDART
m“fAHULATrn”ﬁErS§UR€'cd%FFICtFNTs"“““""““
et b

LPUNC 23, 05 2025 LRL/FTSQ -

MRYFICE P VALUES AT ALPHA ANGLE SSTTINGS

oL 35,000 3S5.01C 35,721 35,733
7. 54,746 64,527 56,224  s6.614 .
4 29.4a4 26.3¢ 30203 3c.390 ]
e 5. 17.827 17.716 18,108 18,024
A 9.167 8.5 9.418  a.231 ] o
S 197 -r.226 o312 ~0.178 o
16 -.483  -c.5€l .60l  -0.456 o
/99



e ORIEICE €O VM UPS AT ALPHA ANGLE SETTINGS

L GAL

cCii

RECOET

NC.

1

7

UN 24, 8

0

- b
S
e B

SR - - —_ O‘RIG.[N SO . - -
oi-PQng;RAcm;LS

T O3.CC UBWG/FTSO

L2 Ta 785

C13e4C2 0 11,730 11,471

3157 2,856 2.608

CTARBULATER PRESSIIVE CNEFFTICTENTS

26,212 22.55C 21,999 -
44,277 41,766 36,324 35,780

L.32.276 280158 27,7200 .

22386 194586 19,299

6940 60142 5,941

¥

3 6 o

pAGE/E2

Lo leCl3 0 04959 0,784

LCe1E30 0.1340 0,118

=D.392 -0.230  -C.21C  -0.195




GALCIT

REPGRT

L RUN

e L JORTFICE  CP YALUFS A1 ALPMA ANGLE SETTINGS R
_ NCe 0 .3 & a R ) _
L 14,026 144175 14,203 13.501 m _
2 23.553 24,015 24.658 24,866
318323 1m.eco 19.257 _1e3m
VA 124777 13.560 13,416  13.501 e
e B 7720 T.Rf2 8,063 mutez
B 44067 4,168 4,296  4.332 ) e
m 720043 2,085 2,091 2123 S .
8 Ma1731.162 1,142, 1,202 e
9. 0.89 .74t 0772 c.827
13 04122 0.1€C 0.148 0,259 ;
i QRAGRy /fé
B

5.CH

LBL/ETSO

—~ .u......fuh BI-JL'A T Fn . p RE; Qg Up EC nF F F [ (:"I E NT S. TIRALSE M e e s s d R et ey mw e e e ot 4 s s

pace /€3




GALCY

 REPCR

>“miABULATéD PRESSURF COEFFICTENTS ~— 77

T . PAGELES
T 926 | o

_RUN 26, Q = 20.C0 tR./FTSQ
. ORIFICE _CP VALUES A1 ALPHA ANGLE SETTINGS
NO. 0 ‘3 & 9
1 6326 _ 6,036  5.597  5.593 - .
.2 130454 13,305 12.808 13.017.
3 10,572 10,466 10.155“_10-36? __5_ . B
‘4““7;446 7.34S  7.157  7.300
5. 4598 4,492 4.437 _4.532 m
6 2,485  2.678 . 2.456 2,476
7. 1.383 1392 1,384 1.369 :
8 1.035 _1.054  1.024 _ 0.988 e
9 0.98%  0.996 . 0.989 0,987 _
10 0.832  0.846 __0.831 _0.852
- - - — N . / ? z ol



GALCIT L pacE/E
REPCRT 926 S | _PA
rs

. TABULATED PRESSURF COEFFICIENTS  ~77™ 70

i

JRUNG 27, 0= 2.25 LB./FTSQ
(ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS
NGy ... O 3 . .6 9

1..0.924 0.88 C.825 0.862

2..C.%27  0.352  0.142  0.113 -

3...0.530 0,535 0.142 0,135 o
4. 0.591  0.535  0.32¢ 0.187
6 0.797  o.e25s  o.591  c.427 )
7. C.956  0.933  0.825 o.720

8. 0.980  0.956  0.933 | 0.840

9 1.960  1.03é  05933“ ho.935‘”
100 1.031 1,064 0.933  0.961 .



GALCTY
REPLRT 924

- ORIFICE
NC.
1
2

9.

R L

RUN

TABULATED PRESSUPF COEFEICIENTS 77 7

B 0,,

~C.901

_0.37C

0.465

0.535

. O -(‘)6_1'

L 0.745

- 0.929

R TLE %,

L 1.014

28, Q

1.014

= 3.C0 URW/FYSO

c.818  €.929
0.101  €.12C -0.008

1 0.321  0.203

0.485  C.343
0.564  0.502

O. 718 . .O,‘ 736

0.835 C.BAHB

L9934 1.016

€.938  1.034

B S

0.853

_0.16L
ce259
0.498
06695 ..

, -
0.951  1.076.

0.95L .

fen26

CP VALUES AT ALPHA ANGLE SETTINGS

PAGE /2



GALCLY S S - pasE /2
REPOGRT 926 . '

TABULATED PRESSURE COFFFICIENTS

CRUN 29, @ = 5.C0 LR./FTSQ
ORIFICE = CP VALUES AT ALPHA ANGLE SETTINGS
NCo 0.3 & 9

1. 0.775  0.806 0.r53  0.B4s

.. 2..,0.298  0.286  0.137 -0.052 .
3 0.368 | 0,301  0.194 -0.002 _
4 0,484 0,488 0.311  0.126 )
5 0.589  0.582  0.443 0.2%6 e
6 0.728  0.687  0.664] 0.422 _
1 _c.een .85z o.e00l o.tss
8 0.916  0.936  0.878  0.393 .
9 _€.932  0.936 0.913 1.0%8
_____ 10 0.969  0.934 .0.93 1.038



GALCIT
REPORT o0¢

TABULATED PRESSURE COEFFICIENTS

RUN 30, @ = 10.C0 LB./FTSO

 ORIFICE  CP VALUES AT ALPHA ANGLE SETTINGS

“NC. ‘ c o3 6 I
'LH,,2.395 0.864  0.B66  0.863
02 .0.783 0.311  0.135  0.059

3 1.073 0.397 Q.178 (.084

4 1.308  0.497 €.310 ©0.i76

5 1.745 _ 0.604  0.496 0,357

PAGE /&%

6 2.161 0.725 0.692 ) 9'57@“'_ R
7. 2.45C 0.840 0,829 _0.747. q
B 2.740 C.91C 0,927 _0.893 e
. 9...2,807  0.967  0.985  0.948 - R
o MO 24814 0.982  D.S85  0.967 )



GALCTT e e s e L PaGE S
REPORT 925 - o ' :

TABULATED PRF SSURF COEFFICIENTS

CRUN. S0, Q = 2.25 LBL/FTSG

L e e e s

. ORIFICE  CP VALUES AY ALPHA ANGLE SETTINGS

NG C 3 6 9. g
1 3.471 3.321 3.013 2,999 _
2. 68.352 63,894  S5.R05 55,306 e
3 55.1B0 51.667 45.073 44.703 _
436,700 34.663 30.206 30.087
5. 21.071 16,879 17.290 17.241
_-__6”»7117!_0.5'39___“ IC.ZC? - R, 908 ‘ 8.65_C
7. 0.597  0.566  0.526  0.488
(B 0.645  0.737  0.592  0.630 - —
/9 . 1.008  1.107  0.807 0.832 .
/10 1.1c 1,025 c.sos g.eoz "



GALCTT e pagEE
REPCRT 926 '

TABULATED PRF SSUPRFE COEFFICIFNTS 777

RUN 51y Q'= 3.C0 iR./FTSO

CORIETICE ,cp_vAfUEs AlHALPHA,ANGLE_QEIILNGSW‘M“”,

No. 0 3.6 8
12,423 11Jeor 20578 2.381
A“z.;aa-QSé;aaa}abs,45.992,;9&-a02wmmmmm_~

3 35.767 280,001 37,4.95” 36.28’+L

4 23,905 L85) sas 25,293 24.434

5 12.658 1061706 14456 13.980

& 6.814. s52l000  7.119  6.827

7..0.405  1le4ag  0.401 0,353
B 0.568 '31317._.0-524..w91431wwm_”‘"“
9 C.951  0JR4C  0.961 0.932

10 0.979 4 57C  0.971  0.833

. | e
T



GRLTET - S - pace /3
Repent oz | e

CTABGLATED PRESSURE COEFFICIENTS . 7777

RUN 52, 0 = .00 Lr./riSQ - _
__ORTFICE _ CP VALUES AT ALPHA ANGLE SETTINGS o

1. 1.587  1.552  1.e65 1,601 o
[ 2..26.247  26.864 28.167 28,341
321,658 21:915 _23.c11 23,122 e
A M4.496 14,712 15,527 15,656 .
5 8270 B.463  B.BES  B.o62

6. 4:090 4,133 4,413 4.344 L
7. 6.288  0.217 0.256  p.171 e
B 0.357  0.303  0.283 0.222 e
9 0.8z 0.788  o.tes | o120
10 0.965 | C.96C 0,999 0,994 u




GALCTT PAGE /5:

REPCRT 926

TABULATED PRESSURE COEFFICIENTS

CRUN 53, 0 = 10.CC LB./FTSQ

. DRIFICE  CP VALUFS AT ALPHA ANGLE SETTINGS

'_NU._
1
z

3 11.837 11.374  12.057 12.118 o .
4 8,100 7.RC4  8.285 8,371 . N
LB AeBLS . A41E 40656 4.TST.
6 2,184 2,014 2,121 2,135 B e
7.-0.038 -0.126 -0.229 ~-0.245
8 =0.268  =0.406_ -C.526 =0.551 e
9 -0.211 -0.38% -0.402 =-0.543 e
10 =0.025 -0.389 -r.527 -C.576 e

L
_1.009

Llal18n

3

0.567

13.630

.€.998

(14e294

L2

Lkcoz

CRAR2BY




REPORT 926 -

 TABULATED PRE SSUREF COEFFICTENTS

. RUN 34y 0 = 2,25 LR./FTSQ

| ORIFICE  CP VALUES AT ALPHA ANCLE SETTINGS
, L1 0.313 0,753 0.984  0.897
,Zm_Wﬂ'ﬁl3”m”ﬂp¢lﬁ__704014 0,037
] 3. 0.013  0.112 c.052  0.022
. 60113 0.263 0.297  o.140 A
. ;ﬁuwpﬁﬁﬁa,mmsf3;7._méféesmuﬂée3ﬁém.” e
.5 ‘l(-.‘.flf 3. .0.34%  C.613 0'53? o
i 3. C.113 -0.14C -0.136 -0.171 i
. 8 0u1]3 -0.652 _-0.735 -0.794 : A
9. 013 -0.652 -0.p24 -0.794 ]
10. 0.y13 -0.725 -0.824 ~0.m8S
-1 |
_ NG, . e m



- GA
RE

.. ORIF

tee 1 - .

2z

‘%

1CE

10

tC17T
PURT 926

TABULATED PRESSURE CUEFFICIENTS

RUN = 55,

0
0.759
N.165
0.252
0.338
 0.443
. 0.462

.. 0.0R2

. ~0.362

“TQFQTIU

-0,362

0 = 32.C0 LR./FTSQ

3

C.T7G4 o

0.217
0.255
0.313

Ne&49

0.562

_O.118.

:OaiQZ.n
-0.298

f0-322._

~0.372

&

9

0.831 0.805

0.154  C.115

0.076  0.040

0.256 0.0BC

0s397  C.180

~C.338_

C.C16 -N,042

CP VALUES AT ALPHA ANGLE SETTINGS

0.415  C.301

=379 _-0.38Y

i

PAGE =




'GM"-CH'T o - , | l A 7 A_PAG?’ 134
REPCHT, 92@ ! e ]

. TARULATED PRESSURE CUEFFINIENTS

CRUN. 56, @ = 5.COUB.sFTS _
QRIFICE ~ CP VALUES AT ALPHA ANGLE SETTINGS
1 0.8sE 0.847  0.896  0.875 _
2 £.280  0.224_ 0.170  9.1%8
3. €.340  0.237  C.092 0.063
4 D.429  C.361 0.221  0.148
”5:m;025ﬁ¥_J:094°3 ‘MU-4C3 ' 01305;
- 6 .0.603  0.591  G.559 _16-403.
1 0106 0.048 ”-0°§.;5°f921;mwmum
.3 .7?-332.3‘5-375 “9-901§”Q?319_. ;
9 -0.295 -0.38€ -0.413 WJB.jjﬂ- _ )
10 -0.303 -0.362 -0.413 =-0.375



GALCIT o earE/Fc

REPCRT 926

TABULATED PRESSURE COEFFICIFNTS .~

CRUN 57, @ = 10.€0 LE./FTSH.
. ORIFICE ~ CP VALUES AT ALPHA ANGLE SETTINGS
N o O 2 & 9 ..

1 0.870  0.860° 0.866 0.917
2 0.201  0.19¢  €.125 n.108

3 0.285 0.245 0,125 0,054

4 0.393 0.384  c.251  c.ate .
50,555 0.536  0.443  0.364

6 ; 0.691  0.6C1 0,606 0,522

7. 0.083 - 0.056 0.039 0,019
B =0.341 -0.363 -0.377 -(.390
9 -0.347 -C.3R4 ~0,397 -£,390

10 ~0.364 =C.382 =C.397 =0.432

G
- OF POOR qusrTy,



GALCIT _ o |
Report 926 _ . Page 137

TABLE VI

TABULATED SURFACE AND RAKE

PRESSURE DISTRIBUTIONS

FOR C, = oo(q = 0)

2/0



GRLLIE - f”_r U S - PAGE ﬁjfg_
REPURT 92¢€ : : IEERRE S

T TABULATED PRESSURE DATA I

RUR Ly om0 0.0 LBL/ETSQ

.. DRIFICE  PRESSURE ~ LB/FTSQ AT ALPHA =0

NCoo o 0
L -0.12¢ i
.2 -0.305 — .
o3 —-0.125
4 0,011
_m;mi;,:n,Laﬁmwkth“,”;mm‘mm;mmum e ]
6 -0.305
w1 -0.179
B B P ]
5. ~0.368 B o )
16 ~0.368 e ]

11 —0.599

12 -0.714
13 -0.714

6 -leesC - |
AT-3eze2. o -624//

18 ~10.661]

1S L2210 i . o .
V20 QW34 . .
21 0.347 )
22 0.1336 . )
23 O.3ar e
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DISCUSSION OF LOW-SPEED WIND TUNNEL

TESTS OF A QUASI-TWO DIMENSIONAL

EJECTOR-AUGMENTED JET FLAP AIRFQIL

This report presents the results of low-speed wind tunnel tests
of a quasi-two dimensional ejector-augmented jet flap airfoil, The primary
purpose of these tests was to obtain data for use in evalutaing the theoret-
ical approach proposed in Ref, 1% fof predicting the behavior of ejector-
augmented jet flap systems. In this reference a numerical solution has |
been devised for the two-dimensional potential flow around a powered
augmentor wing section as represelnte'd by an embedded vortex distri-
bution technique. |

The preéent wind tunnel tests were conducted in the closed,
three-dimensional test section of the GALCIT#* ten-foot wind tunnel
during the period May 8-10, 1973. The work was performed under NASA
Ames Research Center Grant No. UT-290-SC-2001.

Model, test set-up and Procedures

The model used for these tests was constructed primarily from
wood with an internal metal air supply system for the ejector and static
pressure orifices at cénter-spa.n for measuring the static pressure distri-
bution. The model consisted of a main wing, a flap set at 30 degrees
relative to thewing chord plane, a shroud with 'a.djusta,ble height placed
above the flap and set at 32 degrees relative to the wing chord plane, an
ejector located in the main wing and elliptically shaped end plates, One
end plate incorporated a flush lucite window to permit the observation of
surface attached tuft behavior between the flap and shroud during portions
of the testing, The model had a design wing chord of 24 inches, and a
span between end plates of 36 inches, |

The gap between the main wing lower surface and the flap was

sealed closed with tape in an attempt to more nearly represent the math-

:‘:Ref. 1. L. B. Sidor, An Investigation of the Ejector-Powered Jet
Flap, A.E. Thesis, California Institute of Technology, 1974,

s

wla
oty

""Guggenheim Aeronautical Laboratory, California Instifute of Technology,

53
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ematical model specified in Ref, 1 which does not provide for airflow
thru this gap. The 2 degree convergence angle between the shroud and
the flap chord planes resulted in a 3.4 degree total divergence angle.
between the flap upper surface and the shroud lowe rr surface, This was
. considered conservative for the existence of fully attached flow in this
region, _

The ejeétor incorporated a simple two-~dimensional exit slot
- which measured 0.09 + 0,005 inch high at the exit pl-ahe. The ejector
or auxiliary air trajectory was adjusted such that the vertical centerline
of this air would be tangent with the flap leé,ding edge radius, The
é.uxiliary air was then to provide a sink effect, with only relatively small
amounts of mass addition, for the entrainment of much larger amounts
of freestream air entering between the wing upper surface ‘and the shroud,
No attempt was made to promote the mixing of the freestream and auxiliary
air in the region between the flap and shroud, Additional information

related to the mddel is presented in Tables I-B, II-A and III and on Figs,
2 and 3, | |

In order to measure the total préssure distribution across the
exit plane of the flap-shroud system (a primary parameter in Ref, 1} a
total head rake was constructed as shown on Fig, 4. The rake was in-
stalled for those test runs where rake pressﬁres Welfe recorded as indi-
cated on the Index of Runs. The rake was located at center-span and
supported by a section of ‘streamlined tubing attached between the end
plates. The plane of symmetry of the streamlined tubing was oriented
at 24 degrees relative to the wing chord plane which was calculated to
be the 'no.minal downwash angle in the region occupied by the tubing,
Additional detail concerning the installation of the rake is presented in
Table II-B with a photograph on Photo Page 5,

The model was supported in the wind tunnel on the standard
three-strut system for the ten-foot wind tunnel external ‘balance. A
sketch of the wind tunnel air path and external balance is presented on
Fig, 1.

| The two main support bayonets were attached to plates on the
model located outboard of the end plates. The tail support strut was
attacﬁed to a U-shaped extension boom from the end plates, - Vertical

movement of the tail support strut resulted in a change in angle of attack

23]
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of the model, which was pitched a.beut a‘li:ne coincident with the inter-
section of the wing 0.25 chord and the wing chord plane, Photogra.i)hs
of the model supported in the wind tunnel are presented on Fhoto Pages
4 and 5, '

Auxiliary air, for the model ejector, was supplied by the super-
sonic wind tunnel compressor system, Air flow control was maintained
by a valve in the main air supply line and monitered by the preséure
difference from a 3.5 inch venturi flow meter (see Fig, 3). The auxiliary
air volume flow was held constant at Q =21,45 ft /sec: (measured at the
venturi ) during test runs where Cj # 0. This resulted in a constant
auxiliary air weight flow of 0, 83 Ib/sec.. The auxiliary air momentum
ceefﬁc’:ient Cj’ was varied during the tests by changing the freestream
dynamic pressure q, as shown on the Index of Runs. The auxiliary air
- velocity at the mid span of the ejector exit was calculated to be 741, 6 ft/sec
using the measured exit temperature of the auxiliary’ alrstream a.nd the
static pressures on the flap and shroud in the region of the exit. The
orifices on the flap and shroud nearest to the ejector were approximately
0.5 inch from the exit plane and a smooth fairing between measured
static pressures was used to approximate the static pressure at the exit,

Prior to the tests and with the complete model assembled a
total pressure survey was performed a.leng the complete span at the
ejector exit, The total pressure was found to vary less than 0, 6 percent
along the span except for 2,5 inches inboard of each end plate, In these
two regions the total pressure was deficient by approximately 50 pércent'
due to internal losses in the plennum just inboard of the air supply hoses,
The result was an ejector exit velocity which was of the order of 30
- percent low in these regions, This should not however affect the presswe
data recorded at center span., '

Durmg the a.ux:.ha.ry air flow ca.llbra.tlon, checks were also
made to determine if choking had occured within the air supply system
or at the ejector exit, There was no evidence that the airflow was choked
anyhwere in the system and a uniform increase in exit total pressure
could be obtained over the center 85 percent of the span by apening the
supply pipe valve further, However, for a significent increase in ejector
airflow it was found to be difficult to hold this airflow steady over the ten

minute period required for a test run and therefore the lower ejector air

12¥
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- setting was selected for the experiments,
The tunnel airstream dynamic pressure settings used for these
tests were corrected for the effects of solid and wake blockage using the

following formula:
= 1 +2¢
q=q, )

where € is the blockage factor dependent upon model shape and volume
(or frontal area for bluff shapes) and tunnel test section shape and cross-
sectional area; ~ql-'- is the dynamic pressure of the airstrea.rh without the
model present. The correction includes the effects of the model with
endplates and the portion of #uxiliary air 'supply hoses and pressure.
tubing exposed to the airstream, and accounts for the increase in air
velocity over the model due to Bernoulli's principle,

 Data recorded during these tests include static pressure data
from flush surface orifices located around the mid-spans of the main
wing, flap and shroud as shown on Fig, 2; total pressure data from the
rake previously discribed and shown on Fig, 4; and photographs of the
behavior of tufts (strands of standard darning cotton) attached to the
upper surfaces of the wing and’ shroud. No attempt was made to record
‘force and moment data from the external balance system due to inter-
ference effects of the auxiliary air supply hoses,

Flexlble tubing was used to connect the model static pressure
orifices and the rake total pressure orifices to a 100-tube multimanometer
board, The pressure data were a,cq_uired. simﬁltaneously for each point
of a test run by photographing the manometer board, - After processing, the
film was projected onto a ground glass screen where precise measure -
ments of‘the manometer fluid (a.lcohoi) heights were made utilizing an
adjustable hairline connected to a slide wire with the output éutoma’.tically
digitized onto IBM cards through a digital voltmeter, As an-initia.l"step
in the data reduction program these data were reduced to pressure coef-
ficients (Gp defined in Table I) by computer. A |

m

Test Results

The complete set of pressure coefficients calculated from data
recorded during these tests are presented in tabular form in Tables IV,
V and VI, Table IV contains the Cp values from the model surface pres-

sure orifices which are listed versus orifice number (ref. Fig. 2 and

919
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Table III), run number and angle of a.ttack.. The total pressufe rake data
are presented in Table V versus rake orifice number (see Fig, 4), run
number and angle. The data presented in Table VI were calculated from
data recorded from both the surface pressure orifices and the rake with
q = 0 and therefore these data are not dimensionless coefficients as
presented in Tables IV and V, The values presented in Table VI were
calculated in the same rna.nner as used for the C_ values in the prev1ous
‘tables by as suming q = 1 lb/ft and therefore the values in this table are
actually pressure dlfferences (the difference between the pres sure acting
at orifice m and atmospheric pressure) denoted in lb/ftz. Complete test
conditions for data of any test run are given by the Index of Runs,

Lift and drag coefficients, C;, and Cp,, were calculated by inte-
gration of the surface static pressure coefficients as indicated under
Definition of Coefficients in Table I, These integrations were pei-formed
by computer separately for the main wihg with flap and for the shroud.
The resulting data were plotted and faired with smooth continuous lines
and from these fairings the wing-flap and shroud‘da.:ta. were summed to
form CL and CD' These lift and drag coefficients are presented in.
plotted form versus geometric angle of attack for the various shroud |
positions tested on Figs, 5-7 for the model without the ejector operating
and on Figs. 8-10 with the ejector operating. '

To demonstrate the overall effects of the ejector operating at

various Cj‘ valués, total force coefficients CLT and CDT were calculated
as indicated on Table I. These coefficients include the reaction of the
momentum in the ejector airflow and are, except for skin friction, the |
force coefficients which would be expected from force balance measure-
ments, These data are presented in plotted form on Figs, 11-13 for the
various angles of attack and shroud héight positions of the tests and are
useful when comparing these test results with other work. ‘
Immediateiy prior to the first test run strands of standard
darning cotton (tufts) were attached to the upper surface of the wing, flap
and shroud and to the lower surface of the shroud with streamwise strips
" of Scotch brand cellophane tape. The behavior of the tufts was observed
for the full range of test conditions and shroud positions anticipated for
the tests, For runs 6-8 a portion of the tuft strips were replaced on the

upper wing and shroud surfa.ces and photographs were taken to record

230
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the tuft behavior with the shroud set in the center position of h/c_ = 0.225,
Examples of these photographs are presented on Photo Pages 1-3, Unfor—
tunately adequate llghtlng for photo graphs could not be obtained in the
region between the flap and shroud,

' From the tuft observations the airflow between the flap upper
surface and shroud lower surface was steady and fully attached to both
surfaces for all test conditions. At the highest shroud position of h/c5
= 0,270 however some unsteadiness in the tufts attached to the aft 30%
of shroud existed when g = 0 indicating possible incipient separation for thls
region and test condition, With some freestream flow, g = 2.25 lb/ft
for example, this condition was c:ompletely eliminated and the tufts were
again Steady and tight against the shroud surface, Also, with Q = 21.45
lb/ft:2 and g = 0 (C = oo), entrainment of the free air into the region
between the flap a.nd shroud appeared to be excellent for all test h/c
values as observed with a 6 inch long strand of knitting wool a_ttached to
~ the end.of a pole and used as a visual probe. The photograph on Photo
Page 1 gives an indication of the region of entrained flow from over the
‘main wing which extends up to approximately the 30% chord line and also
shows flow éntering from above the shroud leading edge as evidenced by
the pulling in of the tufts attached to the shroud above this leading edge.

| For finite Cj values (g # 0) airflow over the wing was fully
attached for all h/c and Qg settings, Examples of the tuft hehavicr on
the upper wing surface are shown for the maximum finite C value and
minimum C value C # 0) on Photo Pages 2 and 3 respectlvely. Flow
separation dld occur however over the aft 50% of the shroud upper surface
for the two lower test CJ values of 0,33 and 0, 65. Angle of attack and
shroud height had only minor effects on this region of flow separation
(see Photo Pages 2 and 3). ,

From a review of the basic force data, CL and CD’ presented -
on Figs, 5-7 for Cj = 0 and on Figs. 8-10 for Cj £ 0, the following comments
can be made, The force coefficients, primarily CL.,beha.ved in a reason-
ably linear manner with angle of attack for all test shroud positions and
C__| values. There is some increase in the level of C and CD with
increasing shroud height for C = 0 and C # 0 and in the level of C
with q for CJ 0. The lift curve slopes however appear to be essentla.lly
constant with h/c and q for CJ = 0 and with h/c_ and CJ for C # 0. From

23l
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Figs, 5-7 (dCL/dag)cj'___O 2 0.045/deg. and from Figs. 8-10
(dCL/dag)C - =0 058/deg. It is worth mentioning that the lift and drag

coefficients of the shroud tend to be constant with @_ for both the blowing
and non-blowing cases and the lift curve slope is therefore that of the
basic flapped airfoil,

The fact that the ‘lift coefficient tends to decrease with increasing
test airstream velocity sugg;ests that the behavior of CL and CD with q is
not simply due to Reynolds number (see Figs. 5-7). While the test
Reynolds numbers (see Table II-B) were somewhat loﬁr for a 65 seri-es .
airfoil, the behavior of CL and CD with Qg does not. suggest erratic
characteristics such as found for these airfoils at the lower Reynolds
numbers (R< 0, 15x1 06).' ‘

In addition the levels of C; and dCL/dag, at least for tests where
Cj = Q, are low when compared to values calculated using thip airfoil
theory for a flat plate with 6f = _300. These calculations yield CL values
of the order of two times those obtained from the experiments and a lift
curve slope of at least 0, 08/deg. Of course these values should be
reduced somewhat to account for the fact that model end plates do not
result in true two-dimensional flow and the experimental values of CL
and d(_'IL/ozg should be increased by 8 percent to account for the 26 inch
wing-flap chord used for data reduction in place of the more usual design
chord of 24 inches, _

In an attempt to explain the aforementioned anomalies in the
experimental data the surface static pressure coefficients were examined,
These data in general look well behaved and normal everywhefe except
for the data recorded from the pressure side of the wing in the region of -
the wing-~flap intersection. In this region (primarily orifice nos., 35, 43
and 44 as shown on Fig, 2) the Cp values increase from approximately
0.5 to approximately 0.7 or 0, 8 with some dependence on @ , This
behavior can be followed by séanni.jng the data in Table IV, and suggests
that a separated region exists in the knee on the lower surface of the
wing. It is unfortunate that tuft behavior could not be observed in this
region due to the model end plates but it is suspected that a recirculating
flow existed for all tests in this separated region at the intersection of

the wing and flap and was probably caused by sealing the gap between the

232
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wing and flap lower surféces_ This recirculating flow may well have been
deformed depending.on freestream ¢ and ag resulting in changes in the
- effective wing camber, wing thickness and thickness distribution. This
type of behavior would explain the variations in CL and CD with g and at
least part of the deficiencies in C; and dCL/dag.
To complete the experimental data review the total pressure
‘rake data presented in Table V were examinéd. It should be pointed out
here that rake orifice no, 1 was always lined up with the flap T.E. and
~for runs where h/c:S = 0. 180 orifice nos, 1-6 covered the area between
the flap and shroud; for h/(:S = 0.225 orifice nos, 1-9 covered the area
with orifice no. 9 at the shroud T.E.; and for h/cs = 0,270 all ten orifices
where data were recorded are necessary to cover the area between the
flap and shroud, |
- The C_values representing the total pressure distribution at

the exit plane between the flap and shroud are seen to vary enorrﬁouély |
across this space with the variation dependent primarily upon Cj but

with little, if any affect due to angle of attack., To graphically show this
behavior, data from test runs selected randomly for each test h/cs are‘:“
presented on Figs., 14-16., The non-uniformity in the Cp dist:;ibutio_hs
when C. £ 0 indicates poor mixing between the auxiliary airstream from
the ejector and the entrained air entering the region between the flap and
shroud. However, the existance of C_ values much greater than 1 in the
region of the shroud for h/cs = 0,180 while the Cp valp.eé for the 1afger
h/cS settings were progressively lower indicates that mixing was better
for the lower shroud setting, Had mixing in this region been a clear

test objective, additional shroud angle settings could have been evaluated
along with screens or low pressure loss lifting surfaces placed between
the flap and shroud to promote mixing and provide a more uniform exit

veloc-ity profile,

Guggenheim Aeronautical Laboratory

California Institute of Technology
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FLOW VISUALIZATION PHOTOGRAPHS

Showing flow over top (low pressure) surface

Photo Page 1
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MODEL PHOTOGRAPHS

Basic model with auxiliary air supply lines

and surface static pressure orifices connected

Photo Page 4

Front view

Side view
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View showing total head rake located
at flap-shroud exit plane

Front view showing model installation



Now with respeét to the environments that we are going to
try, Figure 6-34 shows a spectral distribution of incident radi-
ation, obtained from C. H. Xiu using the Aerotherm code. The
bottom curve is without any mass addition, the top curve is with
mass addition. It is for the Saturn nominal atmosphere near peak
heating, and is for the proper mass addition at that flight vel-
ocity. The point I want to make is that you can reflect, essen-
tially from about 0.5 to 6 ev radiation, that is, you can reflect

" most of this incident radiation and that's the attractive thing.

Figure 6-35 shows one of the environments, i.e. for the
Uranus cool dense atmosphere; twenty-five degree entry angle. This
raw heating data was obtained from Aerotherm. The radiative pulse
is significantiy biggexr than the convective pulse. The net heat-
ing that the wall sees for this code is shown on the right. You
don't know this in advance, it is worked out as the solution pro-
ceeds, so I'm jumping ahead here. But, you can see the radiation
is hardly influenced at all by the material response; that is,
there's very little coupling, but the convective is almost wiped

cut. So, this is very strongly a radiative environment.

Figure 6-36 shows the environment for the Saturn nominal
atmosphere. The raw heating data is predominantly convective,r
with just one kw/cm2 radiative spike, but when you translate that
into what the wall actually sees, it turns out it's mostly ra-
diative. 1It's enhanced, also, by ablation as other speakers have
presented. The radiation increases to about 1.6 kilowatts; con-

vective is knocked down to 1.2 or thereabout.

Figure 6-37 shows the result of exercising this new code,
and this is a code that we are just beginning to really exercise
in a production mode; so, all of these results are fairly new.
This is a - 25° entry intc the Uranus cool dense atmosphere, for
which we saw the environment in Figure 6-35. This is a time his-
tory of the éxposed surface that's ablating, and the rear surface.
You'can see that the front surface heats up very rapidly, starts

ablating almost at once and then as the radiation pulse comes on,

VI-62





